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GENERAL INTRODUCTION 
 
Autism spectrum disorder (ASD) is a highly 
heritable and severe neurodevelopmental condition, 
assumed to be caused by brain abnormalities (Minshew & 
Keller, 2010). It is characterized by, amongst others, 
persistent difficulties in social communication and social 
interaction (DSM-5; American Psychiatric Association, 
2013). This is often reflected in a reduced notion of 
others’ state of mind (e.g. Baron-Cohen, Leslie, & Frith, 
1985) and an egocentric bias within the normal 
reciprocity of social interactions (American Psychiatric 
Association, 2013). Moreover, it consists of restricted, 
repetitive patterns of behavior, interests or activities, 
such as insistence on sameness, stereotyped or repetitive 
movements and hyper-or hyporeactivity to sensory input 
(American Psychiatric Association, 2013). The prevalence 
of this condition is estimated at 1% of the general 
population, with men more affected than women (Baird et 
al., 2006). While the onset is typically situated in the early 
developental period, its symptoms cause clinically 
significant impairment in social, occupational and other 
important areas of functioning throughout life (American 
Psychiatric Association, 2013). Functional theories of ASD 
either focus on complex social deficits (Baron-Cohen et al., 
1985; Iacoboni & Dapretto, 2006; Williams, Whiten, & 
Singh, 2004) or on non-social processing deficits (Iarocci 
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& McDonald, 2006; Russo et al., 2010), with the latter 
mainly considering perceptual impairments. Social 
theories of ASD mainly put forward Theory of Mind 
impairments (Baron-Cohen et al., 1985). Non-social 
theories focus for instance on low-level difficulties 
combining information derived from different senses, 
(Brandwein et al., 2013; Iarocci & McDonald, 2006), a 
locally (as opposed to globally) oriented visual processing 
style (Weak Central Coherence Theory Frith & Happé; 
Happé & Frith, 2006), or enhanced perceptual functioning 
(Enhanced Perceptual Processing Theory; Mottron, 
Burack, Dawson, Soulières, & Hubert, 2001; Mottron, 
Dawson, Soulières, Hubert, & Burack, 2006; see also 
Markram, Rinaldi, & Markram, 2007; Markram & 
Markram, 2010). Novel sensory prediction perspectives 
on ASD assume that individuals with ASD might 
experience a stronger sensitivity to the variability or 
uncertainty that is naturally inherent to sensory 
information (e.g. Lawson et al., 2014; Pellicano & Burr, 
2012; van Boxtel & Lu, 2013; Van De Cruys et al., 2014). 
In another social approach to ASD, there has been 
an intensive discussion on the role of imitation in ASD (for 
a review see Hamilton, 2013). Whether motor imitation is 
impaired in ASD remains a controversial issue (Hamilton, 
2013; Southgate & Hamilton, 2008): ASD has been related 
to imitation deficits but also to strong imitative response 
tendencies. (e.g. echopraxia, echolalia, Lord et al., 2000; 
Spengler et al., 2010). Such ‘hyperimitation’ has also been 
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demonstrated empirically in some studies using so-called 
automatic imitation tasks such as the imitation inhibition 
task (Brass, Bekkering, Wohlschläger, & Prinz, 2000). In 
this task, participants are instructed to execute finger 
movements in response to symbolic cues while observing 
congruent, incongruent or no finger movement on the 
computer screen. Typically, individuals react slower and 
make more errors when observing a movement that is 
incompatible to an own intended movement (incongruent 
trial). They are faster when the observed movement is 
compatible to the intended movement (congruent trial). 
This behavioral congruency effect is what is refered to as 
the ‘motor interference effect’. Interestingly, these studies 
have reported larger-than-typical automatic imitation in 
the behavior of individuals with ASD (Bird, Leighton, 
Press, & Heyes, 2007; Martineau, Andersson, Barthélémy, 
Cottier, & Destrieux, 2010; Sowden, Koehne, Catmur, 
Dziobek, & Bird, 2015; Spengler et al., 2010). 
Some researchers consequently assume that 
individuals with ASD may have problems with self-other 
distinction centered on motor processes (Brass, Ruby, & 
Spengler, 2009; Spengler et al., 2010; Spengler, Von 
Cramon, & Brass, 2009). Indeed, it was presumed that the 
observation of another’s action within the imitation 
inhibition task triggers a corresponding motor 
representation in the observer, which interferes with 
one’s own action representation (Brass, Derrfuss, 
Matthes-von Cramon, & von Cramon, 2003; Brass, 
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Derrfuss, & Von Cramon, 2005; Brass, Zysset, & von 
Cramon, 2001; Stürmer, Aschersleben, & Prinz, 2000). 
Intact high-level self-other distinction processes centered 
on motor processes are needed within the task to 
deliniate the externally triggered motor representation 
from the intended movement (Brass et al., 2005, 2009; 
Santiesteban et al., 2012; Spengler et al., 2010). Thus the 
increased motor interference effect in ASD is seen by this 
theory as a reflection of diminished high-level control 
over own and others’ represented motor representations 
(Brass et al., 2005; Hamilton, 2013; Southgate & Hamilton, 
2008; Spengler et al., 2010, 2009). The view has also 
received support by fMRI studies, which reported the 
involvement of the temporoparietal junction (TPJ) and 
anterior medial frontal cortex (aMFC) of neurotypical 
adults in the imitation inhibition task (Brass et al., 2005; 
Spengler et al., 2010, 2009), while the behavioral motor 
interference effect showed a functional relationship with 
the activity in these areas during mentalizing in both 
neurotypical adults and individuals with ASD (Brass et al., 
2009; Spengler et al., 2010). The TPJ and the MPFC are 
known to engage in mental state attribution and 
perspective taking (Van der Meer, Groenewold, Nolen, 
Pijnenborg, & Aleman, 2011; Zaitchik et al., 2010). 
Accordingly, the view that high-level social cognitive 
processes such as self-other distinction centered on motor 
processes might be disturbed in individuals with ASD has 
gained critical acclaim (Bird et al., 2007; Sowden et al., 
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2015). Behavioral studies investigating this form of self-
other distinction in ASD have however not been entirely 
consistent, since not all studies have found evidence for 
hyperimitation in this population (suggesting intact self-
other distinction mechanisms in at least some individuals 
with ASD: Gowen, Stanley, & Miall, 2008; Grecucci et al., 
2013; Press, Richardson, & Bird, 2010; Sowden et al., 
2015). So far, in addition, it has never been shown 
empirically that high-level social cognitive brain areas 
actually show diminished activity in the brain of 
individuals with ASD during participation in the imitation 
inhibition task.  
 
 
Figure 1: Schematic representation of the concept of self-other 
distinction.  
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Furthermore, in principle at least two other neural 
processes might contribute to the motor interference 
effect in motor interference tasks, apart from mechanisms 
related to self-other distinction. First, one could imagine 
that the motor preparation of an intended action of the 
observer might help to visually process the perceived 
behavior of others (Brass & Heyes, 2005; Greenwald, 
1970; Hommel, Müsseler, Aschersleben, & Prinz, 2001; 
Kühn, Keizer, Rombouts, & Hommel, 2011b; for a review, 
see Shin, Proctor, & Capaldi, 2010). Here the basic idea is 
that motor preparation involves an anticipation of the 
action effect, which could facilitate the visual processing 
of a compatible observed hand movement (with respect to 
an incongruent trial). Second, the observed action could 
affect one’s own motor preparation processes, as 
suggested by many behavioral studies (Brass, Bekkering, 
& Prinz, 2001; Brass et al., 2000; Stürmer et al., 2000). In 
other words, observing a movement could activate a 
corresponding motor representation in the observer that 
can either facilitate the motor preparation of the intended 
action (when they are compatible to one another) or 
disturb the motor preparation of the intended action 
(when they are incompatible). In sum, next to high-level 
social cognitive processes, the imitation inhibition task 
might also elicit a low-level effect of action on perception 
as well as a low-level effect of perception. As a first aim of 
this thesis we therefore wanted to disentangle these two 
potential low-level processes in the imitation inhibition 
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task from the high-level self-other distinction mechanisms 
in the neurotypical human brain. In addition we reasoned 
that disentangling high-level mechanisms of self-other 
distinction centered on motor processes from potential 
low-level visual and motor preparation processes might 
yield insights in the social behavior of individuals with 
ASD. As such, we also planned a follow-up study with 
adults with high-functioning autism and matched 
controls. To do all this, we used the well-established 
imitation inhibition task (Brass et al., 2000) and a 
neuroscientific imaging technique called electro-
encephalography (EEG). A plethora of studies have used 
motor interference tasks to investigate how action 
observation influences action execution (for an extensive 
review, see Heyes, 2011), with the imitation inhibition 
task being one of the most well-known (Brass, Bekkering, 
et al., 2001; Brass et al., 2000, 2003; Brass, Zysset, et al., 
2001; Stürmer et al., 2000). EEG on the other hand, has a 
specific advantage over other neuroimaging techniques 
such as functional magnetic resonance imaging (fMRI) 
because of its exceptional temporal resolution expressed 
in event related potentials (ERPs). Indeed, fMRI might in 
fact not be sensitive enough to capture subtle neural 
effects, because of smearing of short-lived effects on a 
whole-brain level.  
Apart from social impairments, people with ASD 
also experience sensory abnormalities in everyday life 
situations. For instance, feelings of sensory overload and 
GENERAL INTRODUCTION 
 20
other hypersensitivities are repeatedly reported (for 
reviews see Donohue, Darling, & Mitroff, 2012; Iarocci & 
McDonald, 2006; Marco, Hinkley, Hill, & Nagarajan, 2011) 
and sensory problems have recently been formally 
included in the diagnostic criteria of ASD in the DSM-5, as 
described earlier (American Psychiatric Association, 
2013). For this reason, an increasing number of 
researchers consider compromised sensory processing in 
the brain an essential aspect of ASD, and have tried to link 
it conceptually to social impairments in the condition (e.g. 
Pellicano & Burr, 2012; van Boxtel & Lu, 2013; Van De 
Cruys et al., 2014). Of all senses affected in ASD, altered 
touch processing is the strongest mediator of the social 
symptoms’ severity (next to altered olfaction; Hilton et al., 
2010; Lundqvist, 2015). This is remarkable, because 
research has shown that we involve our own touch-
processing systems to simulate tactile experiences of 
others (next: passive touch simulation; Gazzola & Keysers, 
2009; Keysers et al., 2004; Keysers, Kaas, & Gazzola, 
2010). Moreover, when we observe an action, we also 
simulate the tactile consequences of this action in our 
somatosensory cortices (next: action-based touch 
simulation; Gazzola & Keysers, 2009; Keysers et al., 2010). 
This suggests that while interacting with others, we are 
‘feeling’ what others feel while they are acting (Gazzola & 
Keysers, 2009; Keysers et al., 2004, 2010). Since 
simulated touch is represented within brain areas 
designated for processing own touch too (Gazzola & 
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Keysers, 2009; Keysers et al., 2004), one could wonder 
whether simulated and experienced own touch are 
distinguished in the human brain (next: self-other 
distinction centered on action-based touch). We reasoned 
that a potential inability to distinguish simulated touch of 
others from one’s own touch in ASD might result in severe 
impairments in both the representation of self and others 
(Lombardo & Baron-Cohen, 2010, 2011).  
While self-other distinction centered on motor 
processes has been thoroughly investigated already 
(Heyes, 2011), self-other distinction centered on action-
based touch has never before been conceptualized, nor 
investigated empirically. Therefore, we developed and 
validated a novel paradigm, which we called the action-
based somatosensory congruency paradigm. Similar to the 
methodology used in the imitation inhibition task, we 
combined visual observations of action-based touch with 
actual sensations of felt touch applied to the index or 
middle finger of participants. More specifically, we 
presented short series of images showing index and 
middle finger tapping movements, while synchronously 
presenting a tap-like tactile stimulation on the tip of 
either the middle or the index finger of the observer’s 
corresponding hand. The tap-like stimulation at the finger 
was either congruent with the sensory consequence of the 
observed finger movement (e.g. observing a tapping 
movement of the index finger while getting a tactile 
stimulation at the tip of the index finger) or incongruent 
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(e.g. observing a tapping movement of the index finger 
while getting a tactile stimulation at the middle finger). 
We reasoned that if the brain distinguishes between the 
self and others on the basis of touch processes, it should 
distinguish between trials where the tactile consequences 
of the observed action match own felt touch (congruent 
trials) as compared to where they mismatch (incongruent 
trials). This should result in a neural congruency effect. 
Moreover, within the same paradigm, we aimed to 
disentangle social effects from non-social effects of spatial 
congruency. We therefore presented image series of 
human as well as of wooden hands. Given the observation 
that non-human agents engage simulation processes to a 
lesser extent (Beck et al., 2013; Holle et al., 2011; 
Streltsova & McCleery, 2014; Tai et al., 2004; Tsai & Brass, 
2007), we expected congruency differences to diminish 
when the observed hand is a wooden hand.  
We relied again on EEG to identify processes 
underlying self-other distinction centered on action-based 
touch. We reasoned that observed action-based touch 
might interact with felt touch both at low-level touch 
processing stages and high-level social cognitive stages of 
processing. While modulations of early sensory evoked 
potentials (SEPs) have been attributed to neural 
processing in somatosensory areas (e.g. Aspell et al., 
2012), later neuronal processes have been argued to 
underlie higher-order social cognitive processes such as 
self-other distinction (Knyazev, 2013; Spengler et al., 
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2009; 2010; Synofzik et al., 2008). Likewise, we focused 
on these two different processing stages. Also here we 
first aimed to disentangle potential low-level processes 
from high-level mechanisms of self-other distinction in 
neurotypical individuals. Finally, by means of a follow-up 
study with adults with high-functioning autism (HFA) and 
control individuals, we assessed whether low-level 
perceptual processes and high-level mechanisms of self-
other distinction centered on action-based touch 
processes might be affected in the brain of individuals 
with ASD. 
 
Research questions 
 
In the current Ph.D. thesis, we aimed to use EEG to 
disentangle high-level social cognitive processes of self-
other distinction from low-level (visual, motor and touch) 
processes in ASD. Because we were particularly interested 
in novel sensory perspectives on ASD symptomatology 
(e.g. Donohue et al., 2012; Iarocci & McDonald, 2006; 
Marco et al., 2011; Pellicano & Burr, 2012; van Boxtel & 
Lu, 2013; Van De Cruys et al., 2014), we did not only focus 
on self-other distinction centered on action (Brass et al., 
2000, 2005; Santiesteban et al., 2012; Sowden et al., 2015; 
Spengler et al., 2010), but also on self-other distinction 
centered on the tactile consequences of action (i.e. action-
based touch). Since the latter type of self-other distinction 
had never been investigated, we developed and validated 
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a novel empirical paradigm based on observed action-
based touch and felt touch, which we called the action-
based somatosensory congruency paradigm. Self-other 
distinction mechanisms centered on motor processes, on 
the other hand, were investigated using the well-known 
imitation inhibition paradigm (Brass et al., 2000; Spengler 
et al., 2010). In total, 4 research questions were covered, 
which can be summarized as follows: 
First, can low-level visual and motor preparation 
processes in the imitation inhibition task be disentangled 
from high-level social cognitive mechanisms of self-other 
distinction centered on motor actions within the human 
brain? 
Second, if so, which of these aforementioned 
potential processes are affected in individuals with ASD? 
Third, can low-level somatosensory processes in 
the action-based somatosensory congruency paradigm be 
disentangled from high-level social cognitive mechanisms 
of self-other distinction centered on action-based touch 
within the human brain? 
Fourth, if so, which of these aforementioned 
potential processes are affected in individuals with ASD? 
 
Structure of the thesis 
 
In the remainder of this Ph.D. thesis, we designed 
4 empirical studies, each of which is described in the 
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following chapters. Each of the four studies aims to 
answer one of the research questions presented above.  
In a first study, presented in the first chapter, we 
tested the imitation inhibition task (Brass et al., 2000, 
2005) by means of electro-encephalography (EEG) in 
neurotypical individuals. We aimed to disentangle low-
level processes underlying motor interference from high-
level social cognitive mechanisms of self-other distinction. 
As mentioned before, EEG makes it easier to delineate 
processes on different processing stages owing to its high 
temporal resolution. We reasoned that an influence of 
action intentions on perception could lead to effects in 
visual event-related potential (ERP) components, whereas 
an influence of observed actions on own action 
preparation should impact ERP components related to 
motor preparation, which appear right before movement 
execution. Finally, high-level self-other distinction 
processes should lead to congruency effects in late 
parietal central processing stages in the EEG (Brass et al., 
2009; Spengler et al., 2010, 2009). We thus concentrated 
on detecting congruency effects in 3 functionally distinct 
ERP components. First, we focused on the stimulus-locked 
N190, which has been related to visual processing of body 
parts (Arzy, Thut, Mohr, Michel, & Blanke, 2006; Myers & 
Sowden, 2008; Thierry et al., 2006). Second, we focused 
on the response locked Readiness Potential (RP), which is 
known to magnify with increasing complexities of motor 
preparation (Leuthold & Schröter, 2011; Rigoni, Brass, 
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Roger, Vidal, & Sartori, 2013). Third, we focused on the 
centroparietal P3 component, which has proved sensitive 
to self-related processes in social cognitive paradigms 
(Graux et al., 2013; Holeckova, Fischer, Giard, Delpuech, & 
Morlet, 2006; Knyazev, 2013; Kühn, Nenchev, et al., 2011; 
Perrin et al., 2005; Sebanz, Knoblich, Prinz, & Wascher, 
2006), has been implicated in congruency processing (e.g. 
Longo et al., 2012; Zhou et al., 2004), and in high-level 
multisensory comparison processes (Kühn et al., 2011; 
Longo et al., 2012; Macaluso, 2006; Yamaguchi & Knight, 
1991).  
In the second study, presented in the second 
chapter, we aimed to assess the three aforementioned 
neural processes by means of EEG in a group of adults 
with HFA and matched controls. While it was suggested 
that self-other distinction centered on motor processes 
might be disturbed in ASD (Brass et al., 2009; Spengler et 
al., 2010), this was the first study to test the imitation-
inhibition paradigm in a group with ASS by means of a 
neuroimaging technique. We used EEG to disentangle low-
level perceptual and motor related processes from high-
level social mechanisms in the brain, and focused again on 
congruency effects in the P3 component, the N190 
component and the RP. As a primary hypothesis, we 
expected that the group with HFA would show a smaller-
than-typical congruency effect within the P3 component, 
as a reflection of diminished self-other distinction abilities 
(Deschrijver et al., 2015; Spengler et al., 2010). Moreover, 
GENERAL INTRODUCTION 
 27
investigated whether low-level visual and motor 
preparation processes might be affected in ASD too (as 
expressed in the N190 and RP potentials, respectively).  
In the third study, presented in the third chapter, 
we developed a paradigm to investigate the interaction of 
own touch and observed action-based touch (the action-
based somatosensory congruency paradigm) and tested 
this in a group of healthy volunteers (Deschrijver et al., 
2015). We aimed to disentangle potential low-level 
somatosensory processes from high-level mechanisms of 
self-other distinction centered on action-based touch in 
the human brain. We relied again on EEG to identify at 
which processing level(s) observed action-based touch 
interacts with felt touch (which would result in a 
congruency effect for human hands only). We reasoned 
that this could be a reflection of self-other distinction 
centered on action-based touch. While modulations of 
early sensory evoked potentials (SEPs) in studies 
investigating passive touch simulation (in which visually 
presented hands receive tactile sensations) have been 
attributed to neural processing in somatosensory areas 
(e.g. Aspell et al., 2012), later neuronal processes have 
been argued to underlie higher-order social cognitive 
processes such as self-other distinction (Knyazev, 2013; 
Spengler et al., 2009; 2010; Synofzik et al., 2008). 
Similarly, we focused on two different processing stages: 
First, we investigated the influence of observed action-
based touch on an early stage of tactile processing, 
GENERAL INTRODUCTION 
 28
reflected by the sensory evoked potentials (SEPs) P50, 
N100 and N140. The primary somatosensory cortex is 
argued to account for SEPs elicited at 50ms or earlier (e.g. 
P50), while the secondary somatosensory cortex is said to 
be involved in the generation of later SEP components 
(Allison et al., 1992; see also Bufalari et al., 2007; Longo et 
al., 2011). Therefore, we expected more very low-level 
effects in the P50, such as a main effect of congruency 
and/or animacy (Aspell et al., 2012; Bufalari et al., 2007; 
Martínez-Jauand et al., 2012). If self-other distinction 
mechanisms centered on touch processes would be 
reflected within somatosensory neural processes already, 
we would expect a larger congruency effect for human as 
compared to wooden hand stimuli in the N100 and N140 
components (i.e. a Cardini et al., 2012; Press et al., 2008; 
Streltsova & McCleery, 2014). Second, we aimed to 
identify reflections of self-other distinction centered on 
action-based touch at higher-levels of processing: the P3-
complex (see also Holeckova et al., 2006; Longo et al., 
2012; Polich, 2007). Like in our earlier studies, we 
reasoned that the P3 is a likely neuronal index of higher-
order self-other distinction (Spengler et al., 2009; 2010). 
We assumed that self-other distinction centered on 
action-based touch at higher-levels of processing could be 
expressed as a congruency effect for human hands only in 
the P3 components. 
In the fourth study, presented in the fourth 
chapter, we reasoned that self-other distinction 
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mechanisms centered on action-based touch might be 
affected in individuals with ASD. As earlier described, of 
all senses affected in ASD, altered touch processing is the 
strongest mediator of the social symptoms’ severity (next 
to altered olfaction; Hilton et al., 2010; Lundqvist, 2015). 
In this chapter, we aimed to investigate by means of EEG 
whether potential low-level and high-level mechanisms of 
self-other distinction centered on action-based touch, are 
disturbed in a group of adults with high functioning 
autism (HFA), while comparing their EEG responses to 
those of a neurotypical control group (CON). In 
accordance with chapter three, we focused on P50, N100 
and N140 SEP’s as indices for somatosensory processes 
and on the P3 as a potential index for high-level social 
cognitive processes such as self-other distinction. We 
specifically hypothesized that individuals with ASD might 
experience difficulties in signaling human action-based 
touch that does not match their own sensations of touch, 
indicated by a reduced P3 effect. This could be a reflection 
of deficient high-level self-other distinction centered on 
action-based touch. Furthermore, we hypothesized that 
the P3 effect might relate to self-report measures of social 
autistic difficulties and of sensory 
hypersensitivity/avoidance at an individual level in the 
HFA group. Such findings would help to understand the 
relation between sensory and social difficulties in the 
autism spectrum, which is currently unknown.  
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Each of the four chapters was written to serve as 
an autonomous scientific article. As such, the terminology 
used may differ slightly between the chapters and there 
may be some overlap between the chapters mutually, as 
well as between the chapters and the general 
introduction/discussion. At this moment, the study 
outlined in chapter three has been published (Deschrijver 
et al., 2015), while the studies outlined in the other 
chapters have been submitted to various A1-journals. The 
research was supported by Research Foundation Flanders 
(Grant FWO11/ASP/255).  
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CHAPTER 1: 
THE INFLUENCE OF ACTION OBSERVATION 
ON ACTION EXECUTION: DISSOCIATING THE 
CONTRIBUTION OF ACTION ON PERCEPTION, 
PERCEPTION ON ACTION AND RESOLVING 
CONFLICT3 
 
For more than 15 years, motor interference 
paradigms (Brass, Bekkering, Wohlschläger, & Prinz, 2000; 
Brass, Zysset, & von Cramon, 2001) have been used to 
investigate the influence of action observation on action 
execution. Most research on so-called automatic imitation 
has focused on variables that play a modulating role or 
investigated potential confounding factors (Heyes, 2011). 
Furthermore, a number of fMRI studies have tried to shed 
light on the functional mechanisms and neural correlates 
involved in imitation inhibition (Brass, Derrfuss, & Von 
Cramon, 2005; Spengler, Bird, & Brass, 2010; Spengler, Von 
Cramon, & Brass, 2009). However, these fMRI studies have 
primarily focused on high-level processes and have 
neglected the potential role of low-level motor and 
perceptual processes, presumably due to its poor temporal 
resolution. In the current EEG study, we aimed to 
                                                        
3 Deschrijver, E., Wiersema, J. R., & Brass, M. (submitted). The 
influence of action observation on action execution: dissociating 
the contribution of action on perception, perception on action 
and resolving conflict. 
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disentangle the influence of low-level perceptual and motor 
preparation processes from high-level cognitive 
mechanisms. We focused on potential congruency 
differences in the visual N190, a component related to 
visual processes processing, the Readiness Potential, a 
component related to motor preparation and the high-level 
P3 component. We detected congruency effects in each of 
these components, suggesting that the interference effect in 
an automatic imitation paradigm is not only related to 
high-level processes such as self-other distinction but also to 
low-level influences of perception on action and action on 
perception. Moreover, we documented diverse relationships 
of the neuronal effects with (autistic) behavior.  
 
Introduction 
 
A plethora of studies have used the imitation 
inhibition paradigm (Brass, Bekkering, & Prinz, 2001; 
Brass et al., 2000; Brass, Derrfuss, Matthes-von Cramon, & 
von Cramon, 2003; Brass, Zysset, et al., 2001; Stürmer, 
Aschersleben, & Prinz, 2000) to investigate the automatic 
influence of observed behavior on own actions (for an 
extensive review, see Heyes, 2011). That is, as compared 
to a baseline trial, individuals react slower and make 
more errors when observing a movement that is 
incompatible to an own intended movement (incongruent 
trial), while they are faster when the observed movement 
is compatible to the intended movement (congruent trial). 
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This behavioral congruency effect is what is referred to as 
the ‘motor interference effect’. Follow-up studies showed 
that the motor interference effect proves largely distinct 
from spatial compatibility effects (Bertenthal, Longo, & 
Kosobud, 2006; Brass et al., 2000; Heyes, Bird, Johnson, & 
Haggard, 2005). In other words, the spatial 
correspondence between the own and the observed 
movement cannot (entirely) explain the motor 
interference effect. This led to the assumption that the 
observation of another’s action triggers a corresponding 
motor representation in the observer, which then 
interferes with one’s own action representation (Brass et 
al., 2003, 2005; Brass, Zysset, et al., 2001; Stürmer et al., 
2000).  
In principle, the interference effect in the imitation 
inhibition paradigm can be explained by at least three 
different processes, which are however not mutually 
exclusive.  
First, the participant’s motor preparation of the 
intended action could impact visual perception, as 
suggested by numerous theoretical accounts and studies 
(Brass & Heyes, 2005; Greenwald, 1970; Hommel, 
Müsseler, Aschersleben, & Prinz, 2001; Kühn, Keizer, 
Rombouts, & Hommel, 2011b; for a review, see Shin, 
Proctor, & Capaldi, 2010). Here the basic idea is that 
motor preparation involves an anticipation of the action 
effect, which could facilitate the visual processing of a 
compatible observed hand movement (with respect to a 
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baseline and incongruent trial). On the neural level, 
observed movements that mirror one’s own motor 
intention should evoke less neuronal activity during 
visual processing than observed movements that do not. 
This mirroring effect is likely to attenuate the visual 
processing of congruent trials compared to incongruent 
trials. We will refer to these potential processes as the 
influence of action on perception.  
Second, the observed action could affect the 
participant’s own motor preparation processes, as 
suggested by many behavioral studies (Brass, Bekkering, 
et al., 2001; Brass et al., 2000; Stürmer et al., 2000). In 
other words, observing a movement activates a 
corresponding motor representation in the observer that 
can be either compatible with the intended action or 
incompatible. In the compatible case response selection is 
facilitated and in the incompatible case it is disturbed. We 
will refer to these processes as the influence of perception 
on action (Greenwald, 1970; Hommel et al., 2001; Shin et 
al., 2010).  
Third, assuming that the observed behavior leads 
to an activation of the corresponding motor 
representation in the observer, observing a movement 
that is incongruent to the intended movement can induce 
conflict that has to be resolved. It has been suggested that 
high-level mechanisms might help individuals to 
distinguish between the self and the observed other, by 
delineating the planned motor representation from the 
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externally triggered motor representation (Brass, Ruby, & 
Spengler, 2009). Most imaging studies have focused on 
this third alternative, namely on resolving conflict 
between observed and planned movements (Brass et al., 
2005; Spengler et al., 2010; Spengler, Von Cramon, et al., 
2009) because the temporoparietal junction (TPJ) and 
medial prefrontal cortex (MPFC) are involved in the 
imitation inhibition task. These brain areas are known to 
engage in self versus other representation (Brass et al., 
2005; Sowden & Catmur, 2013; Spengler et al., 2010; 
Spengler, Von Cramon, et al., 2009). This led researchers 
to relate a social function to these processes (Brass et al., 
2005, 2009; Santiesteban et al., 2012; Sowden & Catmur, 
2013; Spengler et al., 2010; Spengler, Von Cramon et al., 
2009).  
Yet functional magnetic resonance imaging (fMRI) 
might in fact not be sensitive enough to capture subtle 
effects of action on perception or of perception on action, 
because of smearing of short-lived effects on a whole-
brain level. Electroencephalography (EEG), instead, has a 
high temporal resolution, which makes it easier to 
delineate processes on different processing stages. An 
influence of action on perception should lead to effects in 
visual event-related potential (ERP) components, whereas 
an influence of perception on action should impact ERP 
components related to motor preparation, which appear 
right before movement execution. Finally, resolving 
conflict between observed and executed action should 
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lead to congruency effects in central processing stages in 
the EEG. We concentrated on 3 functionally distinct ERP 
components. First, we focused on the stimulus-locked 
N190, which has been related to visual processing of body 
parts (Arzy, Thut, Mohr, Michel, & Blanke, 2006; Myers & 
Sowden, 2008; Thierry et al., 2006). Second, we focused 
on the response locked Readiness Potential (RP), which is 
known to magnify with increasing complexities of motor 
preparation (Leuthold & Schröter, 2011; Rigoni, Brass, 
Roger, Vidal, & Sartori, 2013). Third, we focused on the 
central P3 component. In social cognitive paradigms, this 
component proved sensitive to self-related processes 
(Holeckova, Fischer, Giard, Delpuech, & Morlet, 2006; 
Knyazev, 2013; Perrin et al., 2005) and to high-level self-
other distinction processes (Deschrijver, Wiersema, & 
Brass, 2015; Graux et al., 2013; Kühn, Nenchev, et al., 
2011; Sebanz, Knoblich, Prinz, & Wascher, 2006). This 
makes the component a likely neural correlate of high-
level processes of social cognition, which were put 
forward in fMRI studies (Brass et al., 2005; Santiesteban 
et al., 2012; Spengler et al., 2010; Spengler, von Cramon, & 
Brass, 2009). Because we specifically wanted to explain 
the mechanisms that produce the motor interference 
effect, we also aimed to trace correlations between 
potential ERP findings and actual task performance (i.e. 
the congruency effect in the reaction times (RT) and 
errors). Moreover, the strength of motor interference 
effect was often noted as crucial to understand inadequate 
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control over imitative behaviors in various patient groups 
(Cook, Barbalat, & Blakemore, 2012; Cook & Bird, 2012; 
Spengler et al., 2010) including autism spectrum disorder 
(ASD) (Bird, Leighton, Press, & Heyes, 2007; Cook & Bird, 
2012; Cook, Swapp, Pan, Bianchi-Berthouze, & Blakemore, 
2014; Gowen, Stanley, & Miall, 2008; Spengler et al., 
2010). It is as of yet however not known which 
mechanism contributes to these aberrant motor 
interference effects in ASD. Therefore, we exploratively 
assessed the relationship between potential ERP 
congruency effects and ASD symptomatology in a non-
clinical population, by means of the Autism Quotient (AQ) 
and Social Responsiveness Scale for adults (SRS-A; Baron-
Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001; 
Bölte, Poustka, & Constantino, 2008).  
 
Method 
Participants 
A total of 42 healthy volunteers participated in the 
study. All were right-handed. None had a history of 
neurological or motoric problems. They reported normal 
or corrected-to-normal vision and normal tactile 
functioning and hearing. All participants gave written 
informed consent and were financially compensated for 
their participation. The local ethical committee approved 
the study. The data of 5 participants were excluded 
because of technical problems during data recording. The 
remaining group consisted of 37 participants (mean age M 
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= 22.70 years; SD = 3.61 years; range = 18-38 years; 13 
male). 
 
Design and materials 
We adopted the established imitation inhibition 
paradigm used in earlier research (see figure 1; Brass et 
al., 2000; 2001; Spengler et al., 2009). Participants were 
instructed to execute finger movements in response to 
symbolic cues while observing congruent, incongruent or 
no finger movement on the computer screen. In 
particular, participants had to respond the digit ‘1’ 
displayed between the index or middle finger of a 
videotaped hand by lifting their index finger and to a ‘2’ by 
lifting their middle finger. At the same time the hand on 
the computer screen executed either an index finger 
movement, a middle finger movement or no movement at 
all. The experiment started with a 24-trial practice phase. 
After this, the experiment started, in which 50 congruent 
trials (C), 50 incongruent trials (I) and 50 baseline trials 
(B) were randomly presented. Each trial started with a 
frame showing a hand in a resting position (2000ms), 
mirroring the right hand of the participant. This frame 
was followed by two consecutive frames (34 ms each) 
that showed the finger movement with the number (for 
congruent and incongruent trials) or just the number (for 
baseline trials). Then, a picture showing the end position 
of the hand and the number was shown (1300ms). The 
three movement frames gave the impression of a lifting 
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movement of the index or middle finger, respectively. In 
between trials, a black screen was presented for 2000 ms. 
Intermittent breaks occurred after 50 trials, resulting into 
2 self-paced pauses. 
The experiment was conducted in a dimly lit, 
electrically shielded and sound attenuated room. The 
participant was seated at approximately 60 cm distance 
from a 17-inch monitor in front of him. The participant’s 
index and middle finger of the right hand were placed on 
the two leftmost finger positions on a response-box with 
four light sensors. Reaction times of the onset of the finger 
lifting movements were recorded with this device. A 
keyboard was placed within reach of the left hand. 
Stimulus delivery and data acquisition were achieved by 
means of the program Presentation (Neurobs), ran on a 
HP Compaq desktop with Windows XP driver. The data 
collection for this experiment was part of 3 different 
larger studies; in each of the studies, the order of the 
current experiment was counterbalanced with a second, 
unrelated experiment.  
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EEG recording and analyses 
The EEG-data were recorded with a Biosemi 
ActiveTwo system (at a sampling rate of 1024 Hz). We 
placed 64 active Biosemi EEG-electrodes according to the 
international 10/20 setting. Two electrodes were placed 
on the mastoids for offline re-referencing. To measure eye 
movements, bipolar electrodes were placed with left and 
right canthal montage and additionally above and below 
the left eye. Electrode offsets were kept between -25 and 
25 µV at all electrodes. We used BrainVision Analyzer 2 
(BVA 2; Brain Products) to analyze the data. After offline 
re-referencing the data to the average of the left and right 
mastoid, we applied a high pass filter of 0.1 Hz, a low pass 
filter of 30 Hz, and a notch filter of 50 Hz. Prior to 
averaging, the data were automatically corrected for eye 
movement artifacts by means of the bipolar electrodes 
around the eyes. An automatic artifact rejection included a 
gradient check (maximum allowed voltage step: 50 µV/ms 
within 200 ms before and after the locked event), a 
minimum/maximum amplitude check (-100 µV and 100 
µV respectively), and a low activity check (0.5 µV within 
an interval length of 100ms). Only trials for which the 
participants produced the correct response between 200 
and 1200 ms after stimulus onset were included in the 
analyses. We collapsed the data over left and right finger 
movement observations because we were primarily 
interested in congruency-related processes. We time-
locked the stimulus-related ERP components (N190 and 
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P3) to the onset of the first frame with an instruction 
number (directly following the resting position frame) 
and the response-related RP to the onset of the 
participant’s finger movement. All trials received a 
baseline correction of 100 ms before the respective onset. 
All statistical analyses were performed with SPSS 
Statistics 22. For the N190 and P3, we identified time 
windows and relevant electrode sites at stable peak 
topographies (see figure 2) and performed analyses on 
exported mean area amplitudes. For the N190, we focused 
on the time window from 185 to 200 ms, and pooled the 
activity per condition at left hemispheric electrodes P5, P7 
and PO7; and at the right hemispheric electrodes P6, P8 
and PO8. For the stimulus-locked P3, we pooled the 
activity at electrodes CPz, Pz and POz per condition in the 
time window from 310 to 430 ms. Based on earlier 
research (Leuthold & Schröter, 2011; Rigoni et al., 2013; 
Shibasaki & Hallett, 2006), we identified the RP 
component in the response-locked segments as the 
gradient shift preceding the steep negative slope before 
response onset at electrode FCz (i.e. from -400 to -100 ms 
for the current dataset). To disentangle the activity of the 
supplementary motor area from motor execution 
processes in the M1, we increased the spatial resolution of 
the EEG-signal by means of Laplacian transformations 
(Rigoni et al., 2013; Tandonnet, Burle, Hasbroucq, & Vidal, 
2005; Vidal, Grapperon, Bonnet, & Hasbroucq, 2003). We 
estimated surface Laplacians from the averaged 
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monopolar EEG signal. First, we interpolated the signal 
with the spherical spline interpolation procedure, and 
then computed second derivatives in the two dimensions 
of the space (degree of spline = 3, maximum degrees the 
Legendre Polynomial = 15. Conform earlier studies (e.g. 
Rigoni et al., 2013; Vidal et al., 2003) and the observed 
topography (figure 2), we conducted LP-analyses on 
electrode FCz.   
 
Figure 2: Topographies of the visual N190, the P3 and the RP 
Laplacian. 
We analyzed results of both behavioral and 
(pooled) EEG-data by means of one-way within-subjects 
ANOVAs with Condition as a factor (including the levels: 
B, C, I). Greenhouse-Geisser corrections were applied 
where needed. We used repeated-measures t-tests for 
paired comparisons. Because of the non-parametric 
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distribution of our effects, Spearman’s correlation 
coefficients were used for correlational tests.  
 
Results 
Behavioral results 
Due to technical errors in the generation of the 
Presentation logfiles, the behavioral data of 4 participants 
could not be included in the behavioral analyses. In the 
remaining group (n = 33), we found a significant RT 
difference for congruency (F (1.33, 42.45) = 60.831, p < 
0.001). As typically described in the imitation inhibition 
paradigm, participants reacted slower in incongruent 
trials (M = 503.36 ms; SD = 76.69 ms) than in congruent 
trials (M = 432.46 ms; SD = 45.55; paired comparisons t 
(32) = 9.04, p < 0.001), while the RT in the baseline 
condition fell in between (M = 471.62 ms; SD = 47.84; 
respective paired comparisons: t (32) = 11.02, p < 0.001 
and t (32) = 4.47, p < 0.001). Analyses on the error 
percentages (including erroneous as well as missed 
responses) showed a significant difference for congruency 
as well (F (1.26; 40.32) = 17.14, p < 0.001). Paired 
comparisons showed that significantly more errors were 
made in the incongruent condition (M = 5.47%; SD = 
0.06%) than in the congruent condition (M = 0.68%; SD = 
0.01%; t (32) = 4.57, p < 0.001) and than in the baseline 
condition (M = 1.38%; SD = 0.02%; t (32) = 3.99, p < 
0.001). No difference existed between the error rates of 
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the congruent and baseline condition was found (t (32) = 
1.44; p = 0.16). 
 
EEG results 
N190. With respect to the N190, we identified a 
clear influence of Condition in the left hemisphere (F 
(1.64, 59.01) = 12.80, p < 0.001), and in the right 
hemisphere ANOVA (F (1.67, 59.94) = 6.68, p < 0.005; see 
figure 3AB). The congruent and incongruent conditions 
elicited larger amplitudes than the baseline condition in 
the left (t (36) = 2.98, p = 0.005 and t (36) = 4.59, p = 
0.000 respectively) and the right hemisphere (t (36) = 
2.78, p < 0.01 and t (36) = 2.94, p < 0.01 respectively). 
This effect is to some degree trivial because both the 
congruent and the incongruent condition involve 
movement while the baseline condition does not. We also 
observed a significant difference between congruent and 
incongruent trials in the amplitudes of the left-lateralized 
N190, (pooled averages M = -4.23μV, SD = 3.19μV; and M 
= -4.62μV, SD = 3.30μV respectively; t (36) = 2.12, p < 
0.05), indicating that the N190 was more pronounced in 
the incongruent than the congruent condition. 
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Figure 3: N190 components. A. Pooled ERPs over the relevant 
electrodes: Larger amplitudes for incongruent than for congruent 
trials in in the left lateralized but not in the right-lateralized 
N190. B. N190 amplitude charts. (Error bars denote standard 
error). 
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RP. The ANOVA on the RP Laplacians showed a 
significant difference between the three conditions (F (2, 
72) = 5.91, p < 0.005; see figure 4AB). The incongruent 
condition (M = -16.13μV/m2, SD = 24.41μV/m2) elicited 
larger RP Laplacians than the congruent condition (M = -
7.01μV/m2, SD = 18.42μV/m2; t (36) = 2.99, p = 0.005). 
The incongruent condition did however not differ from 
the baseline condition (M = -16,46μV/m2, SD = 
3.07μV/m2; t (36) = -0.100, p = 0.92), whereas the 
congruent effect did (t (36) = 3.11, p < 0.004). In other 
words, the observed hand movements yielded response 
facilitation processes in the congruent condition, but no 
response interference in the incongruent condition.  
 
P3. For the P3 component, the ANOVA showed 
that significant differences existed between the three 
conditions (F(2,72) = 19.27, p < 0.001; see figure 5AB). 
The congruent trials (pooled average: M = 9.61 μV, SD = 
4.80 μV) and the incongruent trials (pooled average: M = 
8.57 μV, SD = 4.64 μV) elicited larger P3 amplitudes than 
baseline trials (pooled average: M = 7.48 μV, SD = 4,47 μV; 
t (36) = 5.36, p = 0.000 and t (36) = 3.20, p < 0.005 
respectively). Incongruent trials elicited smaller P3 
amplitudes than congruent trials (t (36) = 3.69, p = 0.001). 
In other words, observed hand movements that were 
compatible to own motor intentions yielded larger P3 
components than observed hand movements that were 
incompatible to own motor intentions. 
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Figure 4: RP Laplacians. A. ERPs shown at electrode FCz: More 
amplified Laplacians for incongruent than for congruent trials. B. 
RP Laplacians chart. (Error bars denote standard error). 
 
 
Figure 5: P3 component. A. P3 ERPs. B. P3 amplitude charts. C. P3 
and RT correlational analyses. (Error bars denote standard 
errors.) 
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Correlational results 
ERP congruency effects and the RT congruency 
effect. We computed the RT congruency effect for RT (I-
C), and the congruency difference for the left N190 (C-I), 
the RP (C-I), and the P3 (C-I). To avoid detecting 
correlational effects driven by outliers, we discarded 
congruency effects from the analyses that were above or 
below 2.5 standard deviations from their respective mean, 
resulting in the exclusion of 1 participant on the basis of 
his RT congruency effect and 1 participant on the basis of 
his score on the total dimensional scale of the AQ. We then 
correlated the ERP congruency effects with the RT 
congruency effect. The N190 effect showed a marginally 
significant negative relationship with the RT congruency 
effect (ρ = -0.33, p = 0.06): the larger the N190 difference 
between incongruent and congruent trials the smaller the 
behavioral interference effect (see figure 6A). We 
hypothesized that the congruency difference in the N190 
amplitudes would reflect an attenuation of the visual 
processing for compatible hand movements (i.e. a 
mirroring effect for congruent trials). We could therefore 
expect that the N190L congruency effect would drive 
facilitation effects in the RT rather than interference 
effects. A post hoc correlational analysis, involving both 
the N190L congruency effect (C-I) and the facilitation 
effect and the interference effect in the RT (B-C and I-B 
respectively) confirmed this expectation (ρ = -0.43, p < 
0.01 for the facilitation effect; and ρ = -0.11, p = 0.53 for 
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the interference effect). In other words, the stronger the 
mirroring effect for congruent trials reflected in the 
N190L, the smaller the RT for the congruent condition was 
as compared to the baseline condition. 
 
 
 
Figure 6: Correlational results with the motor interference effect. 
A regression line is marked in black. 
 
Furthermore, the relationship of the P3 effect was 
positively correlated with the behavioral interference 
effect (ρ = 0.45, p < 0.01; see figure 6B). Individuals with a 
large congruency effect in the P3 component showed a 
large behavioral congruency effect. Here, we hypothesized 
that the congruency difference would reflect high-level 
conflict. As such, one could expect that the P3 congruency 
difference would drive the interference effect (I-B) in the 
RT rather than the facilitation effect (B-C). Again, a post 
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hoc correlational analysis confirmed this expectation (ρ = 
0.07, p = 0.71 for the facilitation effect; and ρ = 0.45, p < 
0.01 for the interference effect). 
While we did not detect a reliable correlation 
between the congruency effect for RP and that for RT (ρ = 
0.09, p = 0.64), it is interesting to note that the 
congruency effect in the RP did show an inverse 
correlation with the congruency difference in the N190L 
(ρ = -0.44, p < 0.01). A summary of these results can be 
found in table 1. 
 
 
Table 1. Correlational measures of the EEG-measures of interest 
(columns) with the congruency effect in the RT. + p < 0.10. * p < 
0.05; **p < 0.01, uncorrected.  
 
 
 
  
 N190L congruency 
effect 
RP congruency 
effect 
P3 congruency 
effect 
RT congruency effect (I-C) ρ = -0.33+ 
p = 0.06 
ρ = 0.09 
p = 0.64 
ρ = 0.43** 
p = 0.01 
RT facilitation effect (B-C) ρ = -0.43* 
p = 0.01 
ρ = 0.23 
p = 0.19 
ρ = 0.07 
p = 0.71 
RT interference effect (I-B) ρ = -0.11 
p = 0.53 
ρ = 0.14 
p = 0.43 
ρ = 0.45** 
p < 0.01 
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ERP congruency effects and non-clinical 
autistic behaviors. We then correlated the 
aforementioned ERP effects with the total dimensional 
scores on the AQ and on the SRS-A questionnaire. We 
detected a positive relationship between the congruency 
effect in the N190L and the (social) autistic difficulties as 
measured with the SRS-A scale (ρ = 0.41, p = 0.01) and 
with the AQ questionnaire (ρ = 0.32, p = 0.06; marginally 
significant). Individuals with high scores on the autism 
scales (i.e. with more (social) difficulties related to the 
autism spectrum) showed a significantly larger 
congruency effect in the N190L (see figure 7). These 
results are summarized in table 2. 
 
 
Figure 7: correlational results with the autism questionnaires. A 
regression line is marked in black. 
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 N190L congruency 
effect 
RP congruency 
effect 
P3 congruency 
effect 
AQ total score ρ = 0.32+ 
p = 0.05 
ρ = -0.04 
p = 0.81 
ρ =  -0.12 
p = 0.48 
SRS-A total score ρ = 0.41* 
p = 0.01 
ρ = -0.12 
p = 0.49 
ρ = -0.07 
p = 0.68 
 
Table 2. Correlational measures of the EEG-measures of interest 
(columns) with self-report measures of autistic social behavior. + p 
< 0.10. * p < 0.05; **p < 0.01, uncorrected.  
 
Discussion 
 
Despite almost 15 years of research on the 
influence of action observation on action execution using 
interference tasks, the exact mechanisms underlying the 
motor interference effect are still poorly understood. 
From a theoretical perspective, three sources might 
contribute to the interference effect: the influence of 
action on perception, the influence of perception on action 
and conflict resolution of the competing representations. 
While behavioral research has primarily focused on 
variables that modulate the interference effect (for a 
review, see Heyes, 2011) or on potential confounds such 
as spatial compatibility (e.g. Brass et al., 2000), not much 
research has directly addressed the specific sources of the 
effect. By contrast, fMRI research has primarily focused on 
one potential source of the interference effect, namely on 
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conflict resolution between the planned and observed 
action (Brass et al., 2005, 2009; Spengler et al., 2010).  
In the current study we used EEG to delineate 
three potential sources of motor interference. We argued 
that EEG might be more sensitive to subtle differences on 
the perceptual and motor level, because it allows 
differentiating these processes in the temporal domain.  
The imitation inhibition paradigm was 
investigated only once using EEG. This study, however, 
focused on emotion perception, rather than on the 
mechanisms of automatic imitation (Grecucci, Balaban, 
Buiatti, Budai, & Rumiati, 2009). The current study 
assessed the original imitation inhibition paradigm (Brass 
et al., 2000; Brass & Heyes, 2005) by means of EEG. We 
focused on three EEG components that should in our 
opinion index the three potential sources of the 
interference effect, namely the visual N190 indexing the 
influence of action on perception, the motor-related RP 
indexing the influence of perception on action and the P3 
component indexing conflict resolution. We detected 
congruency effects in all of these ERP components, 
suggesting that all aforementioned processes play a role 
in the imitation inhibition task. To our knowledge this is 
the first evidence showing that different sources 
contribute to interference effects in the imitation 
inhibition task.  
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The effect of action on perception 
In both hemispheres, N190 amplitudes were 
larger for trials in which a finger movement was displayed 
(congruent and incongruent) compared to trials where no 
finger movement was displayed (baseline trials). This 
suggests that the N190 component, which has been 
related to activity in the extrastriate body area (EBA) of 
the visual system (Thierry et al., 2006), responded more 
strongly to trials that showed biological motion. Given the 
limited spatial resolution of EEG, this result is not 
surprising. Indeed, MT+, which is dedicated to the visual 
processing of biological actions, is known to show some 
overlap with the EBA (Ferri, Kolster, Jastorff, & Orban, 
2013). Therefore it is reasonable to assume that the N190 
component might have picked up activity coming from 
this latter area as well. Comparing the congruent and 
incongruent condition to the baseline condition thus 
provides information about the functional meaning of the 
N190 but is not very informative regarding the 
mechanisms underlying imitation inhibition because it 
compares two conditions that show movement with a 
condition that does not show movement. 
Importantly, the left-lateralized N190 (N190L) 
showed larger amplitudes for incongruent than for 
congruent trials. In other words, hand actions that were 
compatible to one’s own action intention evoked less 
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brain activation related to the visual processing of body-
parts, than hand actions incompatible to the action 
intention. It is interesting to note that the congruency 
effect was detected in the left hemisphere only. This might 
suggest that the participant’s actual motor representation 
(a left lateralized motor representation for a right hand 
movement) underlies the observed effect.  
The findings suggest that compatible observed 
hand actions required less visual processing ‘effort’ than 
the incompatible ones, leading to larger N190 amplitudes 
for the latter.  In other words, the action intention might 
have facilitated the visual processing of congruent trials. 
As an alternative interpretation, one could assume that 
the N190L effect reflects processes of visual (Vocks et al., 
2010) or embodied self-other discrimination, which is 
considered as functionally distinct from high-level, more 
cognitive self-other distinction (Arzy et al., 2006). It was 
described already that the EBA, which typically underlies 
the N190 amplitudes (Thierry et al., 2006), responds 
more strongly to movements that are clearly someone 
else’s (David et al., 2009; Myers & Sowden, 2008, but see 
Vocks et al., 2010). This interpretation doesn’t necessarily 
go against an interpretation in terms of action effects on 
perception however. When the expected visual 
consequences of one’s action intentions facilitate the 
actual visual observation of a hand moving (congruent 
trials), the observed hand action is more likely to be part 
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of one’s own body. Similarly, when the expected visual 
consequences of one’s action intention do not match the 
observed hand movement, the visual processing thereof 
becomes more effortful and the observed hand is not 
likely to be one’s own. 
The results are consistent with a recent EEG-study 
(Bortoletto, Mattingley, & Cunnington, 2011), which 
showed that the compatibility of cued action intentions 
modulates the visual processing of subsequently observed 
actions, as reflected in an ERP-component similar to the 
N190. Conform the current findings the congruency 
difference was found to be significantly larger over the 
hemisphere contralateral to the planned movement. The 
current results also add to other findings that reported an 
influence of action representations of own movements on 
different stages of perception (Bortoletto et al., 2011; 
Calvo-Merino, Grèzes, Glaser, Passingham, & Haggard, 
2006; Craighero, Fadiga, Rizzolatti, & Umiltà, 1999; 
Hamilton, Wolpert, & Frith, 2004; Kühn, Keizer, 
Rombouts, & Hommel, 2011a; Schütz-Bosbach & Prinz, 
2007; Thomaschke, 2012). FMRI studies of the imitation-
inhibition task however did not reveal activation in 
EBA/MT so far (Brass et al., 2005; Kontaris, Wiggett, & 
Downing, 2009; Spengler et al., 2010; Spengler, Von 
Cramon, et al., 2009). We think that this is due to the fact 
that fMRI is less sensitive to such subtle changes.  
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The effect of perception on action 
Next, we focused on low-level mechanisms of 
imitative control at the level of action preparation, as 
reflected in the RP. Conform our hypothesis we detected a 
congruency effect for the Laplacian RP (Leuthold & 
Schröter, 2011; Rigoni et al., 2013; Shibasaki & Hallett, 
2006). As could be expected, the congruent trials elicited 
smaller RP Laplacians than the incongruent trials and 
baseline trials. We did not detect a significant difference 
between the incongruent and the baseline condition. This 
suggests that the observation of incompatible movements 
did not disturb response selection processes, as compared 
to observing no movement at all. Interestingly, the results 
thus imply that the preparation of own actions was 
facilitated when the observed hand movement matched 
the intended one. In other words, the data reveal a 
facilitation mechanism for congruent trials at the level of 
motor selection. With the current results, we confirm that 
action perception influences the preparation of own 
movements, as was predicted by various theoretical 
works (Brass & Heyes, 2005; Greenwald, 1970; Hommel 
et al., 2001; Rizzolatti & Craighero, 2004; Shin et al., 
2010). 
 
High-level cognitive processes: P3 results 
Finally, we observed a congruency effect in the P3 
component as well, which we put forward as a likely 
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neural correlate for self-other distinction processes. This 
is consistent with previous fMRI studies implicating the 
role of self-other distinction in the imitation inhibition 
paradigm (Brass et al., 2009; Santiesteban et al., 2012; 
Sowden & Catmur, 2013; Spengler et al., 2010; Spengler, 
Von Cramon, et al., 2009). In the current study, we 
showed that congruent trials elicited larger P3 amplitudes 
than incongruent trials. The P3 was most sensitive to 
condition in which the observed action was consistent 
with the intended action of the participant. The baseline 
condition, which did not present any hand movement, 
elicited the smallest P3 amplitude, potentially suggesting 
that the brain might have perceived it as least compatible 
to one’s own action intention.   
The current results follow earlier EEG-findings in 
social cognitive paradigms, which reported smaller P3-
components in response to sensory/motor stimuli that 
are incompatible to the self (Cardini, Longo, Driver, & 
Haggard, 2012; Deschrijver et al., 2015; Holeckova et al., 
2006; Kühn, Nenchev, et al., 2011; Longo, Musil, & 
Haggard, 2012; Perrin et al., 2005). Moreover, studies that 
have focused on self-other related conflict in other 
domains reported similar modulations of parietal brain 
activity around 300 ms (Longo et al., 2012; Papeo, Longo, 
Feurra, & Haggard, 2010). Though the sources of the P3-
component are difficult to localize, the temporoparietal 
junction (TPJ), the medial prefrontal cortex (mPFC) and 
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the precuneus have been named as potential neural 
underpinnings (Knyazev, 2013; Mulert et al., 2004; Perrin 
et al., 2005; Verleger, Jaśkowski, & Wascher, 2005). These 
brain areas were also deemed important in self-other 
distinction processes by aforementioned fMRI studies of 
the imitation inhibition paradigm (Spengler et al., 2010; 
Spengler, Von Cramon, et al., 2009). In sum, the P3 
findings contribute vastly to earlier fMRI studies of the 
imitation inhibition task, not only by confirming the 
involvement of high-level conflict-related processes in the 
task but also by clarifying the timing thereof (Brass et al., 
2009; Santiesteban et al., 2012; Sowden & Catmur, 2013; 
Spengler et al., 2010; Spengler, Von Cramon, et al., 2009). 
Correlational results 
As a final goal of this study, we wanted to 
investigate which of the three mechanisms identified 
above contributed most to the behavioral motor 
interference effect and which of these mechanisms could 
be related to autistic traits. By means of correlation 
analyses we provided support for a functional link 
between the motor interference effect and two out of our 
three ERP measures of interest. First, we observed a 
negative relationship between the N190L congruency 
effect and the congruency effect in the RT. In other words, 
the more participants differentiated between incongruent 
and congruent trials within the visual processes reflected 
in the N190L, the less the showed an interference effect 
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when performing hand actions. In other words, perceiving 
a congruent trial presumably led to facilitation of the 
perception of the compatible observed action and might 
have therefore speeded up the RT. Post-hoc correlational 
analyses added to this interpretation, by showing that the 
N190L congruency difference correlated with the RT 
facilitation effect but not with the RT interference effect. 
Second, the high-level P3 congruency effect showed a 
positive relationship with the congruency effect in the RT. 
This suggests that the more individuals were able to 
distinguish between congruent and incongruent trials at 
high levels of processing, the more interference they 
experienced on a behavioral level. Post-hoc correlational 
analyses added to this interpretation, by showing that the 
P3 congruency difference correlated with the RT 
interference effect but not with the RT facilitation effect. 
The direction of the correlation might however be 
unexpected given earlier research on self-other 
distinction processes (Deschrijver et al., 2015; Spengler et 
al., 2010), which would assume that stronger abilities to 
distinguish between self and others would lead to less 
motor interference on the behavioral level. While the RP 
did not show any relationship with the RT congruency 
effect, it did relate to the congruency effect in the N190L. 
As such, the correlational data also confirm the tight 
relationship between perception-action links, and the 
functional role of the RP within imitation inhibition 
mechanisms. 
CHAPTER 1 
 74
We detected significant correlational findings 
between the N190L congruency effects and social autistic 
traits (Brass et al., 2009; Spengler et al., 2010; Spengler, 
Von Cramon, et al., 2009). More specifically, the effects of 
action on perception (expressed within the congruency 
effect in the N190L) were positively related to autistic 
traits in our non-clinical population. In other words, 
individuals with stronger autistic traits showed a stronger 
facilitation or ‘mirroring’ for congruent trials during 
visual processing.  This result reminds of earlier studies 
(Bird et al., 2007; Sophie Sowden, Koehne, Catmur, 
Dziobek, & Bird, 2015; Spengler et al., 2010), where 
hyperimitation in the imitation inhibition task (more 
extensive ‘mirroring’) was found for groups with autism 
spectrum disorder as compared to control groups. In sum, 
our correlational findings contribute to recent studies that 
relate imitation inhibition processes to actual social 
cognition (Brass et al., 2009; Santiesteban et al., 2012; 
Sowden & Catmur, 2013; Spengler et al., 2010; Spengler, 
Von Cramon, et al., 2009). 
 
Conclusions 
 
The current EEG-study expands findings of fMRI-studies 
focusing on the imitation inhibition task (Brass et al., 
2005; Spengler et al., 2010; Spengler, Von Cramon, et al., 
2009), by identifying the role of low-level visual and 
motor preparation processes in the imitation inhibition 
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task. As such, it underscores various theories that assume 
a strong linkage between low-level visual processes and 
low-level action preparation (Brass et al., 2009; Hommel 
et al., 2001; Shin et al., 2010). Moreover, our correlational 
findings with regard to the motor interference effect 
suggests that the N190L, RP and P3 reflect functionally 
distinct processes within the imitation inhibition task that 
could be interesting for understanding conflicting results 
in behavioral patient studies using interference 
paradigms (Bird et al., 2007; Cook & Bird, 2012; Cook et 
al., 2014; Gowen et al., 2008; Spengler et al., 2010). 
Overall, our study implies the existence of closely 
cooperating, but functionally distinct effects of perception 
on action, action on perception, and high-level self-other 
distinction within the imitation inhibition task. 
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CHAPTER 2: 
DISENTANGLING NEURAL SOURCES OF THE 
MOTOR INTERFERENCE EFFECT IN HIGH 
FUNCTIONING AUTISM4 
 
The role of imitation in autism spectrum disorder 
(ASD) is controversial. Researchers have argued that 
deficient control of self-and other-related motor 
representations (self-other distinction) might explain 
imitation difficulties. In a recent EEG study, we showed that 
control of imitation relies on high-level as well as on low-
level cognitive processes. Here, we aimed to further our 
insights into control of imitation deficits in ASD. We focused 
on congruency effects in the P3 (high-level), the N190 and 
the Readiness Potential (RP; low-level). We predicted 
smaller congruency effects within the P3 in the ASD group. 
However, we found differences in the RP but not in the P3-
component. Thus, high-level self-other distinction may be 
preserved in ASD, while impairments are reflected during 
motor preparation.  
 
 
 
 
 
                                                        
4 Deschrijver, E., Wiersema, J. R., & Brass, M. (submitted). 
Disentangling neural sources of the interference effect in high-
functioning autism: an EEG-study. 
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Introduction 
 
Whether imitation is impaired in ASD is a 
controversial issue (Hamilton, 2013; Southgate & 
Hamilton, 2008). Autism spectrum disorder (ASD) has 
been related to imitation deficits but also to strong 
imitative response tendencies (e.g. echopraxia, echolalia, 
Lord et al., 2000; Spengler et al., 2010). Such 
‘hyperimitation’ has also been demonstrated in some 
studies using so-called automatic imitation tasks such as 
the imitation inhibition task (Brass, Bekkering, 
Wohlschläger, & Prinz, 2000). In automatic imitation 
paradigms, individuals react slower and make more 
errors when observing a movement that is incompatible 
to an own intended movement as compared to when the 
observed and intended movement are compatible. While 
some studies have reported a larger-than-typical 
interference effect in ASD (e.g. Bird et al., 2007; Sowden, 
Koehne, Catmur, Dziobek, & Bird, 2015; Spengler et al., 
2010) others have reported normal interference (Gowen, 
Stanley, & Miall, 2008; Grecucci et al., 2013; Press, 
Richardson, & Bird, 2010; Sowden et al., 2015).  
A compelling theory has attempted to explain 
increased interference effects by suggesting that 
individuals with ASD may have problems with self-other 
distinction (Brass, Ruby, & Spengler, 2009; Spengler et al., 
2010; Spengler, Von Cramon, & Brass, 2009). The 
increased motor interference effect in ASD is seen by this 
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theory as a reflection of diminished high-level control 
over own and others’ represented motor representations 
(Brass, Derrfuss, & Von Cramon, 2005; Hamilton, 2013; 
Southgate & Hamilton, 2008; Spengler et al., 2010, 2009). 
The view has received support by fMRI studies, which 
reported the involvement of the temporoparietal junction 
(TPJ) and anterior medial frontal cortex (aMFC) of 
neurotypical adults within the imitation inhibition task 
(Brass et al., 2005; Spengler et al., 2009, 2010), which are 
known to engage in mental state attribution and 
perspective taking (Van der Meer, Groenewold, Nolen, 
Pijnenborg, & Aleman, 2011; Zaitchik et al., 2010). The 
motor interference effect showed a functional relationship 
with the activity in these areas during mentalizing in both 
neurotypical adults and individuals with ASD (Brass et al., 
2009; Spengler et al., 2010). The findings therefore added 
to the claim that high-level social cognitive processes such 
as self-other distinction centered on motor processes 
might be disturbed in individuals with ASD.  
However, several processes may underlie motor 
interference in automatic imitation tasks. In a recent 
study with neurotypical adults, we aimed to disentangle 
these different potential processes by submitting the 
imitation inhibition task to electro-encephalography 
(EEG; Deschrijver, Wiersema & Brass, submitted). Owing 
to the excellent temporal resolution of this technique, we 
could show that not only high-level cognitive processes 
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but also low-level perceptual and motor preparation 
processes are involved in the imitation inhibition task. 
More specifically, we identified congruency differences in 
the amplitudes of three distinct event related potentials 
(ERPs): First, the P3 component, which has proven 
sensitive to self-related processing and mechanisms of 
self-other distinction (Deschrijver et al., 2015; Holeckova, 
Fischer, Giard, Delpuech, & Morlet, 2006; Knyazev, 2013; 
Kühn et al., 2011; Perrin et al., 2005; Sebanz, Knoblich, 
Prinz, & Wascher, 2006), showed larger amplitudes for 
congruent than for incongruent trials. This is consistent 
with the claim of earlier fMRI studies that imitation 
inhibition involves high-level processes related to self 
other distinction (Brass et al., 2005; Spengler et al., 2010, 
2009). Second, the N190 component, an ERP-component 
related to the visual processing images of the human body 
(Thierry et al., 2006), showed a congruency difference as 
well. This suggests that a participant’s action intention 
affected the early visual processing of the observed action, 
indicating an influence of action on perception. Third, we 
found a congruency-related difference in the Readiness 
Potential (RP; with the spatial resolution of the EEG-signal 
increased by means of Laplacian transformations; Rigoni 
et al., 2013; Tandonnet et al., 2005; Vidal et al., 2003). This 
is a component that typically magnifies with increasing 
complexities of motor preparation (Rigoni, Brass, Roger, 
Vidal, & Sartori, 2013; Tandonnet, Burle, Hasbroucq, & 
Vidal, 2005; Vidal, Grapperon, Bonnet, & Hasbroucq, 
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2003). The congruency effect in RP most probably reflects 
an influence of perception on action. In sum, we showed 
at least three distinct processes are involved in the 
imitation inhibition task, of which high-level self-other 
distinction is just one. 
To the best of our knowledge, imitation inhibition 
tasks have never been assessed in this population by 
means of a neuroimaging technique. We therefore do not 
know whether processes other than high-level social 
cognitive ones may be affected in ASD during the task. In 
the current study, we aimed to disentangle the 
aforementioned processes by means of EEG, in a group of 
adults with high-functioning autism (HFA) and matched 
controls. Following up on our earlier findings (Deschrijver 
et al., submitted), we focused on congruency effects in the 
P3 component, the N190 component and the RP. As a 
primary hypothesis, we expected that the group with HFA 
would show a decreased congruency effect within the P3 
component, reflecting diminished high-level self-other 
distinction abilities (Deschrijver et al., 2015; Spengler et 
al., 2010). Moreover, we wanted to investigate the role of 
low-level perceptual and motor preparation processes in 
imitative control in ASD, by evaluating N190 and RP 
potentials respectively. In order to evaluate whether the 
effects are associated with ASD symptom severity, 
correlations were calculated with scores on the Autism 
Quotient (AQ) and Social Responsiveness Scale - Adult 
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version (SRS-A; Baron-Cohen, Wheelwright, Skinner, 
Martin, & Clubley, 2001; Bölte, Poustka, & Constantino, 
2008). 
Method 
Participants 
We recruited 23 adults with HFA by means of a 
recruiting announcement distributed by the Flemish 
Autism Association and our own volunteer database. 
Participants with HFA were matched with neurotypical 
control participants (CON) on demographic measures of 
age (±5 years), gender and handedness (as measured by 
the Edinburgh Handedness Inventory; Oldfield, 1971). We 
screened participants in the CON group on several 
exclusion criteria prior to participation (the use of 
psychiatric medication and neurological, psychiatric, 
sensory or motoric problems). All participants with HFA 
had received a formal diagnosis of ASD (including autism, 
Asperger’s syndrome and PDD-NOS) from a 
multidisciplinary team or clinician and were free of any 
additional neurological disorder. They completed the 
Autism Diagnostic Observational Schedule (ADOS; Lord et 
al., 2000) Module 4 with a trained researcher. All 
participants filled out self-report questionnaire forms: the 
Edinburgh Handedness Inventory (Oldfield, 1971), the AQ 
(Baron-Cohen et al., 2001), and the SRS-A (Bölte et al., 
2008). All participants gave written informed consent 
before participation and were financially compensated for 
their participation.  The local ethics committee approved 
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the study.  
Similar to previous studies on HFA (e.g. 
Deschrijver, Bardi, Wiersema, & Brass, 2015a; Magnée, De 
Gelder, Van Engeland, & Kemner, 2008; Zwickel, White, 
Coniston, Senju, & Frith, 2011), we included in our data 
analyses HFA participants who scored above or one point 
below cut-off on one subscale of the ADOS and attained an 
ADOS score of minimum 6. As such, the data of 19 pairs of 
participants were included in our analyses (with 14 HFA 
participants meeting full ADOS criteria). Two participants 
from the HFA group were additionally excluded from 
analyses, respectively because we retained less than 30% 
of one individual’s data due to a technical error and 
because of the other showing an overall mean reaction 
time that was more than 3 standard deviations from the 
group average. The remaining participant groups (CON: n 
= 19; HFA: n = 17) were well matched for gender, 
handedness, age, and full-scale IQ score (see table 1). Due 
to missing data, the SRS-A questionnaire data of 2 
individuals from the CON group and the AQ questionnaire 
data of 1 participant with HFA were not included. On 
average, individuals in the HFA group scored well above 
ADOS and autism cut-offs of the AQ (Baron-Cohen et al., 
2001; Lord et al., 2000). As one could expect, t-tests 
showed highly significant differences between the mean 
total dimensional scores on the SRS-A and on the AQ 
questionnaires. Participant characteristics and statistics 
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are summarized in table 1.  
 
 
HFA 
 
CON 
 
t 
 
p-value 
 
Number of male 
participants 
 
11 
 
12 
 
N.A. 
 
N.A
. 
Number of right-handed 
participants 
15 18 N.A. N.A. 
Mean age (S.D.) 33.06 (6.54) 31.79 (6.54) 0.58 0.57 
Mean full-scale IQ (S.D.) 111.88 (15.10) 117.74 (13.84) 1.21 0.23 
Mean ADOS 
communication (S.D.) 
2.59 (1.12) N.A. N.A. N.A. 
Mean ADOS social 
interaction (S.D.) 
6.41 (2.15) N.A. N.A. N.A. 
Total score Autism 
Questionnaire (S.D.) 
33.19 (8.29) 11.16 (4.21) 9.69 0.00*** 
Total score Social 
Responsiveness Scale (S.D.) 
162.63 (35.59) 93.82 (14.05) 7.22 0.00*** 
     
 
Table 1: Participant details (***: test is significant at the 0.001 
level (2-tailed)). 
 
Procedure 
For both groups, the EEG-experiment was part of a 
larger battery of tasks (not presented here), which took 
place in two experimental sessions (with approximately 3 
weeks time in between). Both sessions took place in a 
dimly lit and sound-attenuated room. In the first session, 
the EEG-data were gathered, with this study being the 
second of two EEG-studies. In the second session, each 
participant completed 2 behavioral tasks (not reported 
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here) and demographic data were gathered (ADOS-
interview, IQ-assessment and questionnaires). We 
derived the participants’ status as ‘high functioning’ from 
an IQ-score estimation using the KAUFMAN 2 short form 
Wechsler Adult Intelligence Scale III (full scale IQ ≥ 85; 
see (Minshew, Turner, & Goldstein, 2005) for the use in 
ASD), if no recent standardized cognitive assessment was 
performed (within 5 years prior to participation). A 
formally trained researcher administered the ADOS-
Module 4 with participants belonging to the HFA group 
(Lord et al., 2000). 
 
Stimuli and task 
The established imitation inhibition paradigm was 
adopted for this study (see figure 1; Brass et al., 2000). We 
instructed participants to execute finger movements in 
response to symbolic cues displayed between the index 
and middle finger of a videotaped hand. More specifically, 
participants had to respond to the digit ‘1’ by lifting their 
index finger and to a ‘2’ by lifting their middle finger. At 
the same time, the hand on the computer screen executed 
either an index finger movement, a middle finger 
movement or no movement at all. Each trial started with a 
frame showing a hand in a resting position (2000ms), 
mirroring the right hand of the participant. Two 
consecutive frames (34 ms each) followed that frame, 
showing the finger movement with the number (for 
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congruent and incongruent trials) or just the number (for 
baseline trials). Then, a picture showing the end position 
of the hand and the number was presented (1300 ms). 
The three movement frames gave the impression of a 
lifting movement of the index or middle finger, 
respectively. In between trials, a black screen was 
presented (2000 ms). 
The experiment was conducted in an electrically 
shielded, dimly lit and sound attenuated room. All visual 
stimuli were 300x200 pixels large and were centrally 
presented at approximately 60 cm distance from the 
participant on a 17-inch monitor. The participant’s index 
and middle finger of the right hand were placed on a 
response-box with four light sensors. Reaction times of 
the onset of the finger lifting movements were recorded 
with the two leftmost light sensors of this device. A 
keyboard was placed within reach of the left hand. 
Stimulus delivery and data acquisition were achieved by 
means of the program Presentation (Neurobs), ran on a 
HP Compaq desktop with Windows XP driver. A 24-trial 
practice phase preceded the experiment. After this, 50 
congruent trials (C), 50 incongruent trials (I) and 50 
baseline trials (B) were randomly presented, leading to 
150 experimental trials in total. Index finger and middle 
finger movement pictures were equiprobable per 
condition. Intermittent breaks occurred after 50 trials, 
resulting into 2 self-paced pauses.  
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EEG recording and analyses 
The EEG-data were recorded with a Biosemi 
ActiveTwo system (at a sampling rate of 1024 Hz). We 
placed 64 active Biosemi EEG-electrodes according to the 
international 10/20 setting. For offline re-referencing, 
two electrodes were placed on the mastoids. Bipolar 
electrodes were placed with left and right canthal 
montage and additionally above and below the left eye to 
measure eye movements. Electrode offsets were kept 
between -25 and 25 µV at all electrodes. We used 
BrainVision Analyzer 2 (BVA 2; Brain Products) to analyze 
the data. We re-referenced the data offline to the average 
of the left and right mastoid. We then applied a high pass 
filter of 0.1 Hz, a low pass filter of 30 Hz, and a notch filter 
of 50 Hz. The data were automatically corrected for eye 
movement artifacts by means of the bipolar electrodes 
around the eyes prior to averaging. An automatic artifact 
rejection included a gradient check (maximum allowed 
voltage step: 50 µV/ms within 200 ms before and after the 
locked event), a minimum/maximum amplitude check (-
100 µV and 100 µV respectively), and a low activity check 
(0.5 µV within an interval length of 100ms). We time-
locked the stimulus-related ERP components (N190 and 
P3) to the onset of the first frame with an instruction 
number (directly following the resting position frame) 
and the response-related RP to the moment at which the 
participant’s finger is lifted off the response box, as 
measured by the light sensors. We collapsed the data over 
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left and right finger movement observations because we 
were primarily interested in congruency-related 
processes. Only trials for which the participants produced 
the correct response between 200 and 1200 ms after 
stimulus onset were included in the analyses. All epochs 
received a baseline correction of 100 ms before stimulus 
onset.  
All statistical analyses were performed with SPSS 
Statistics 22. For the N190 and P3, we identified time 
windows and relevant electrode sites at stable peak 
topographies (see figure 2) and performed analyses on 
exported mean area amplitudes. For the N190, we focused 
on the time window from 190 to 210 ms. For the left 
N190, we pooled the activity per condition at left 
hemispheric electrodes P5, P7 and PO7; for the right 
N190, we pooled the activity per condition at the right 
hemispheric electrodes P6, P8 and PO8. For the stimulus-
locked P3, we pooled the activity at electrodes CPz, Pz and 
POz per condition in the time window from 350 to 400 
ms. Based on earlier research (Leuthold & Schröter, 2011; 
Rigoni et al., 2013; Shibasaki & Hallett, 2006), we 
identified the RP component in the response-locked 
segments as the gradient shift preceding the steep 
negative slope before response onset at electrode FCz (i.e. 
from -400 to -100 ms for the current dataset). To 
disentangle the activity of the supplementary motor area 
from motor execution processes in the M1, we increased 
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the spatial resolution of the EEG-signal by means of 
Laplacian transformations (Rigoni et al., 2013; Tandonnet 
et al., 2005; Vidal et al., 2003). We estimated surface 
Laplacians from the averaged monopolar EEG signal. First, 
we interpolated the signal with the spherical spline 
interpolation procedure, and then computed second 
derivatives in the two dimensions of the space (degree of 
spline = 3, maximum degrees the Legendre Polynomial = 
15. Conform earlier studies (e.g. Rigoni et al., 2013; Vidal 
et al., 2003) and the observed topography (figure 2), we 
conducted the RP-analyses on electrode FCz.   
We analyzed results of both behavioral and EEG-
data by means of one-way within-subjects ANOVAs with 
Condition as a within-subjects factor (including the levels: 
B, C, I) and Group as a between-subjects factor. 
Greenhouse-Geisser corrections were applied where 
needed. We used repeated-measures t-tests for paired 
comparisons. Because of the non-parametric distribution, 
Pearson correlation coefficients were used for 
correlational tests.  
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Results 
Behavioral results 
An ANOVA on the reaction time data yielded a 
significant effect of Condition (F (2, 68) = 79.54, p < 
0.001). The Condition by group effect did however not 
reach full significance (F (2, 68)=2.63, p = 0.08). As 
typically described in the imitation inhibition paradigm, 
we observed that the reaction times for incongruent trials 
were numerically larger (M = 565.11, SD = 112.68 across 
groups) than for baseline trials (M = 536,84, SD = 101.85 
across groups), whereas the congruent trials elicited the 
fastest responses (M = 485.89, SD = 85.16 across groups; 
see figure 3A). While the interference effect was 
numerically larger in the HFA (93ms) than in the CON 
group (66 ms) this difference was only marginally 
significant. It should however be noted, that in the larger 
group of individuals with HFA (including those with an 
diagnosis of ASD that however who do not meet the 
aforementioned ADOS-criteria; n=21) and their 
neurotypical individuals (n=24), the interaction did 
become significant (F (2, 86) = 3.39, p < 0.05), suggesting 
that the previous analyses might have lacked sufficient 
power. Here, paired comparisons showed that the 
reaction time difference between congruent and baseline 
trials was larger in the HFA group than in the CON group 
(t (43) = 2.05, p < 0.05), while there was no group 
difference between the incongruent and baseline 
difference (t (43) = 0.34, p = 0.74). In other word, reaction 
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times of individuals with HFA for congruent trials were 
more facilitated than those of the CON group, as compared 
to the baseline condition. As such, one should probably 
conclude that the individuals with ASD overall showed 
signs of an increased motor facilitation effect within the 
reaction times.  
Analyses on the error percentages (including 
erroneous as well as missed responses) showed a 
significant difference between the 3 conditions (F (2,68) = 
15.66, p < 0.001) that did not show any modulations by 
Group (F (2, 68) = 0.02, p = 0.98). More specifically, across 
groups, we found that the incongruent trials elicited more 
errors (M = 0.03%, SD = 0,03%) than the congruent (M = 
0.01%, SD = 0,02%) or baseline trials (M = 0.01%, SD = 
0,02%). No other effects reached significance. 
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EEG-results 
P3. In the P3 component, the ANOVA showed that 
significant differences existed between the three 
conditions (F (1.5,51.4) = 9.95, p = 0.001), which did not 
interact with the factor Group (F (1.5,51.4) = 0.17, p = 
0.78; see figure 3B and 4). The congruent trials and the 
incongruent trials elicited larger P3 amplitudes than 
baseline trials (t (35) = 3.83, p = 0.001 and t (35) = 3.60, p 
= 0.001 respectively), replicating our previous findings in 
neurotypical adults (Deschrijver et al., submitted). 
Importantly, incongruent trials elicited (marginally) 
smaller P3 amplitudes than congruent trials across groups 
(t (35) = 1.93, p = 0.06). In other words, across groups, 
observed hand movements that were compatible to own 
motor intentions yielded marginally larger P3- 
components than observed hand movements that were 
incompatible to own motor intentions. No other effects 
reached significance. 
RP. An ANOVA on the RP Laplacians showed a 
significant difference between the three conditions (F (2, 
68) = 6.91, p < 0.005). Importantly, the interaction of 
Condition and Group proved significant too (F (2, 68) = 
5.60, p < 0.01, see figure 3C and 4). Surprisingly however, 
the difference between the congruent and the incongruent 
condition was not significantly different between the two 
groups (t (35) = 0.57, p = 0.46). Instead, paired 
comparisons showed that the difference between the 
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congruent condition and the baseline reversed in the HFA 
group as compared to the CON group (t (35) = 9.09, p = 
0.05 respectively). While RP Laplacians for the congruent 
condition were numerically smaller than those for the 
baseline condition in the CON group, this was reversed in 
the HFA group. Additionally, paired comparisons showed 
that the difference between the baseline and the 
incongruent condition was larger in the HFA group than in 
the CON group (t (35) = 8.33, p < 0.01; and), suggesting 
that incongruent trials were associated with a larger RP in 
individuals with ASD than in CON individuals, as 
compared to baseline trials. No other effects reached 
significance. 
N190. We identified clear N190 topographies in 
both the HFA and the CON group (see figure 5). In the left 
hemisphere (next: N190L), the ANOVA yielded a 
significant main effect of condition (F (2,68) = 8.23, p = 
0.001), but no main effect of Group (F (1,34) =1.52, p = 
0.23). No interaction between Condition and Group was 
present (F (2,68) = 0.14, p = 0.87). Paired comparisons 
over both groups showed however that the baseline 
condition elicited smaller N190L-amplitudes than the 
congruent and the incongruent condition (t (34)= 2.89, p 
= 0.007; and t (34)= 3,73, p = 0.001 respectively), while no 
difference existed between the latter two (t (34)=0,66, p = 
0.52). In other words, we did not observe a congruency 
difference within the N190L.  
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Figure 4. P3 and RP components. Pooled ERPs over the relevant 
electrodes for the P3.  
 
In the right hemisphere (next: N190R), the ANOVA 
yielded a main effect of condition (F (1.55, 52,75) = 4.88, p 
< 0.05), while the interaction including the factor Group 
did not reach significance. (F (1.55, 52.75) = 0.38, p = 
0.64). Paired comparisons on the data pooled over groups 
showed that the baseline condition elicited smaller 
N190R- amplitudes than the congruent and the 
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incongruent condition (t (35) = 2.64, p < 0.05 and t (35) = 
2.35, p < 0.05, respectively). The latter two did not differ 
significantly (t (35) = 0.22, p = 0.82), suggesting that no 
congruency effect was present in the N190R either. No 
other effects reached significance. 
 
 
Figure 5. N190 components. Pooled ERPs over the relevant 
electrodes. 
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Correlational results 
In the reaction times, we observed signs of an 
increased motor interference effect for HFA individuals 
(significant in the larger groups but not in the groups 
restricted on the basis of the ADOS, presumably due to 
lacking power). Therefore, we tested correlations in this 
larger group of individuals with HFA. An index for the 
congruency difference in the reaction times (I-C) showed 
a marginally significant moderate correlation with the 
SRS-A and with the dimensional total scale of the AQ (r = 
0.49, p < 0.05 and r = 0.48, p < 0.05 respectively), 
suggesting an increased motor interference effect for 
individuals with more severe social autistic traits (see 
also Bird et al., 2007; Sowden et al., 2015). Moreover, 
when we computed an index for the interference and 
facilitation effects individually (I-B and C-B, respectively), 
we observed that autistic traits were related to facilitation 
effects within the reaction times (for the AQ: r = 0.45, p = 
0.05 and for the SRS-A r = 0.44, p = 0.05) rather than to 
interference effects (for the AQ: r = 0.09, p = 0.41 and for 
the SRS-A: r = 0.08, p = 0.73). In other words, individuals 
with HFA who showed faster reaction times for congruent 
conditions (as compared to the baseline) experienced 
more severe social autistic difficulties, while there was no 
relationship between social autistic traits and the 
interference experienced by incongruent trials (as 
compared to the baseline; see figure 3A).  
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 Given the results in the Laplacian RP potential, we 
computed an index for the interference (I-B) and 
facilitation (C-B) effect within the RP Laplacian, as well as 
an index for the congruency difference (I-C). We then 
correlated these indices in the HFA group with self-report 
measures of (social) autistic traits: the Social 
Responsiveness Scale – Adult version, and the Autism 
Questionnaire. None of the correlations reached 
significance (all p > 0.68). 
 
Discussion 
  
In the current study, we wanted to assess which of 
the processes underlying the motor interference effect in 
the imitation inhibition task may be affected in people 
with ASD. To our knowledge, this is the first study that 
tested the imitation inhibition task in ASD via a 
neuroimaging technique. We used EEG to disentangle low-
level perceptual and motor from high-level social 
processes. On the behavioral level, the HFA group showed 
signs of an increased motor interference effect within the 
reaction times, though this effect did not reach full 
significance in the group restricted on the basis of the 
ADOS scores. On the neurophysiological level we found a 
similar congruency-related P3 in the HFA and control 
group, indicating no deficit in self-other distinction in the 
imitation-inhibition task in HFA. However, we found that 
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the HFA group differed from the control group in the 
amplitude of the RP.  
 
The motor interference effect: behavioral results 
The HFA group showed signs of an increased 
motor interference effect in the present study, though this 
effect was not entirely significant when restricting the 
sample. In the full group of individuals with ASD and their 
matched controls, we did observe a significantly larger 
congruency difference in HFA, indicating that the previous 
analyses might have lacked power. Moreover, we 
observed that the full group of individuals with ASD 
experienced significantly more response facilitation as 
compared to their matched controls. This suggests that 
the observation of a compatible hand action lead to 
relatively faster responses in the HFA group than in the 
CON group. We also found a positive correlational 
between the reaction time facilitation effect in the HFA 
group and traits of ASD as measured with the SRS-A and 
the AQ, suggesting that individuals with stronger (social) 
autistic traits show more automatic imitation of the 
congruent observed hand actions. This observation adds 
to clinical observations of hyperimitation such as 
echolalia and echopraxia (Lord et al., 2000; Spengler et al., 
2010) and is in line with some earlier empirical studies 
that showed increased motor interference effects in ASD 
(e.g. Bird et al., 2007; Sowden, Koehne, Catmur, Dziobek, 
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& Bird, 2015; Spengler et al., 2010). Other studies on 
automatic imitation in ASD, however reported typical or 
near-typical motor interference effects in autistic groups 
(Gowen et al., 2008; Grecucci et al., 2013; Press et al., 
2010; Sowden et al., 2015). As noted by Sowden and 
colleagues (2015), this may be due to the use of small 
sample sizes, or incorporation of emotional/face 
materials (Gowen et al., 2008; Grecucci et al., 2013; Press 
et al., 2010; Sowden et al., 2015), which might have 
affected neural processes more strongly than automatic 
action imitation mechanisms. To reach a final conclusion 
about the hyperimitation effect in ASD, a meta-analytic 
approach seems advisable. 
 
High-level social cognitive processes: P3 results 
In contrast to our main hypothesis, we did not 
detect differences between congruency effects of the HFA 
and the CON group in the P3 ERP-component. This 
suggests that, at high levels of processing, individuals with 
HFA are able to differentiate observed hand actions that 
are incompatible to planned hand actions from observed 
hand actions that are compatible to planned hand actions. 
Indeed, the HFA group showed a congruency difference 
within the P3 component that was at least equally strong 
and numerically even larger than that in the CON group. 
Because of this unexpected result, we cannot conclude 
from our data that (all) individuals with ASD show 
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diminished abilities of distinguishing between self and 
others at high levels of processing (Hamilton, 2013; 
Southgate & Hamilton, 2008; Spengler et al., 2010). 
However, it should be noted that it is generally difficult to 
map fMRI data onto ERP-components. Though the TPJ and 
aMFC have been noted among others as neural sources of 
the P3-component (Blanke et al., 2005; Bledowski et al., 
2004; Longo et al., 2012; Mulert et al., 2004; Verleger, 
2008), the sources of an ERP component remain difficult 
to identify. We might be picking up other high-level 
cognitive processes and therefore we might not fully 
capture social cognitive processes of self-other distinction 
centered on motor processes within the P3 component 
after all. It is also crucial to note that while the 
involvement of the TPJ and aMFC in the imitation 
inhibition task has been demonstrated in neurotypical 
individuals (Brass et al., 2005), there is no study to our 
knowledge that shows actual reduced activity in these 
areas during the task in individuals with ASD. Indeed, it 
has only been shown in both neurotypical adults and 
individuals with ASD that the motor interference effect is 
functionally related to activity in the TPJ and MPC areas 
during mentalizing (Brass et al., 2009; Spengler et al., 
2010). As such, it might just also be the case that 
individuals with ASD (or individuals with HFA in specific) 
will not show reduced brain activity at high-level social 
cognitive brain areas within the imitation inhibition task. 
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Future research in this area, potentially combining EEG 
and fMRI techniques, is warranted.  
 
The effect of perception on action: RP results 
We did find a modulation of the RP in the HFA 
group as compared to the control group. The response-
locked RP Laplacian is known to magnify with increasing 
complexities of motor preparation (Leuthold & Schröter, 
2011; Rigoni et al., 2013). Neurotypical adults in the 
current study showed (numerically) smaller RP 
Laplacians for congruent trials as compared to 
incongruent trials (or baseline trials, see also Deschrijver 
et al., submitted), suggesting facilitated motor preparation 
for own hand actions after observing a compatible hand 
action. In the HFA group however, the RP Laplacian was 
smallest for the baseline trial. This may suggest that these 
individuals perceive the motor preparation for congruent 
trials more ‘complex’ than that for the baseline condition, 
where no hand action was observed. Put differently, the 
group with HFA did not experience any facilitating effect 
by a human hand observation that ‘mirrored’ their own 
hand movement, while the CON group did. Moreover, the 
incongruent trials elicited larger RP Laplacians than the 
baseline trials in the HFA group, suggesting that trials 
showing incompatible hand movements interfered to a 
stronger extent with one’s own action preparation in the 
HFA group than in the CON group, with respect to the 
baseline trial. In the control group, we did not observe 
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such an interference effect for incongruent trials with 
respect to the baseline within the RP Laplacians (nor in 
the healthy adults of our earlier study; Deschrijver et al., 
submitted). It seems that in the HFA group, any observed 
human hand movements (whether congruent or 
incongruent) was experienced as more motorically 
interfering with one’s own action, when compared to 
trials where no hand action was observed.  
ASD has long been associated with movement 
abnormalities (Rinehart, Bradshaw, Brereton, & Tonge, 
2001), and studies have ascribed this to atypical 
movement preparation (Dowd, McGinley, Taffe, & 
Rinehart, 2012; Nazarali, Glazebrook, & Elliott, 2009; 
Rinehart et al., 2006, 2001). Moreover, atypical motor 
preparation abilities in ASD have been related to 
disturbances in the supplementary motor area circuitry 
(Rinehart et al., 2001), the neural area that is thought to 
underlie the RP Laplacian (Rigoni et al., 2013; Vidal et al., 
2003). Here we show that at least some of the group 
differences within the imitation inhibition task may be 
due to processing differences on the level of motor 
preparation in ASD. Surprisingly however, the difference 
between the congruent and the incongruent conditions 
was not significantly different between the two groups. As 
such, it is not likely that these results will account for 
hyperimitation tendency observed in the behavior of 
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individuals with ASD (Bird et al., 2007; Sowden et al., 
2015; Spengler et al., 2010). 
The original imitation inhibition paradigm which 
we used (Brass et al., 2000; Brass, Zysset, & von Cramon, 
2001) does not include a non-social control condition. 
This would have allowed us to exclude the possibility that 
the observed group difference is due to a non-social effect. 
The mere observation of (non-biological) movement 
could in principle lead to stronger RP’s in the HFA group 
than in the CON group, as compared to when no 
movement is observed (baseline condition). For now 
however, we do not have many reasons to assume a 
heightened sensitivity for non-social conditions in this 
population. A previous study showed that individuals with 
ASD show no different neural activity as compared to 
control individuals in response to non-social arrows in the 
flanker task (Dichter & Belger, 2007). Moreover, an 
interference task that included non-social control 
conditions did not observe differences for ASD individuals 
within these conditions (Gowen et al., 2008). As such, we 
consider non-social effects not likely to account for the 
current results. 
 
The effect of action on perception: N190 results 
 In the current study, we could not replicate our 
earlier finding that action intentions affect early visual 
processes (Deschrijver et al., submitted): a hypothesized 
congruency effect within the N190-amplitudes was absent 
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in the control group. Given this failure to replicate this 
earlier finding, it is difficult to draw any conclusion about 
an impairment of effects of action on perception in ASD. 
Further research with larges sample sizes is warranted to 
explore the role of this potential neural source of imitative 
control mechanisms, both within autistic and typically 
developing populations.  
 
Conclusions 
 
  In sum, the current results suggest that 
differences within automatic imitation paradigms in ASD 
populations might act on the level of motor preparation, 
rather than (only) at high-level social cognitive levels 
(Spengler et al., 2010). The results may have important 
implications for research to control over imitation, 
because they highlight the importance of intact motor 
preparation processes in the imitation inhibition task. 
 
References 
 
Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & 
Clubley, E. (2001). The Autism-Spectrum Quotient 
(AQ): Evidence from Asperger Syndrome/High-
Functioning Autism, Males and Females, Scientists 
and Mathematicians. Journal of Autism and 
Developmental Disorders, 31(1), 5–17. 
doi:10.1023/A:1005653411471 
CHAPTER 2 
 116
Bird, G., Leighton, J., Press, C., & Heyes, C. (2007). Intact 
automatic imitation of human and robot actions in 
autism spectrum disorders. Proceedings of the Royal 
Society B: Biological Sciences, 274, 3027–3031. 
doi:10.1098/rspb.2007.1019 
Bölte, S., Poustka, F., & Constantino, J. N. (2008). Assessing 
autistic traits: Cross-cultural validation of the social 
responsiveness scale (SRS). Autism Research, 1, 354–
363. doi:10.1002/aur.49 
Brass, M., Bekkering, H., Wohlschläger, A., & Prinz, W. 
(2000). Compatibility between observed and 
executed finger movements: comparing symbolic, 
spatial, and imitative cues. Brain and Cognition, 44, 
124–143. doi:10.1006/brcg.2000.1225 
Brass, M., Derrfuss, J., & Von Cramon, D. Y. (2005). The 
inhibition of imitative and overlearned responses: A 
functional double dissociation. Neuropsychologia, 43, 
89–98. doi:10.1016/j.neuropsychologia.2004.06.018 
Brass, M., Ruby, P., & Spengler, S. (2009). Inhibition of 
imitative behaviour and social cognition. 
Philosophical Transactions of the Royal Society of 
London. Series B, Biological Sciences, 364, 2359–2367. 
doi:10.1098/rstb.2009.0066 
Brass, M., Zysset, S., & von Cramon, D. Y. (2001). The 
inhibition of imitative response tendencies. 
NeuroImage, 14, 1416–1423. 
doi:10.1006/nimg.2001.0944 
Deschrijver, E., Bardi, L., Wiersema, J. R., & Brass, M. 
(2015a). Behavioral measures of implicit theory of 
mind in adults with high functioning autism. 
Cognitive Neuroscience. 
doi:10.1080/17588928.2015.1085375 
NEURAL SOURCES OF THE MOTOR INTERFERENCE EFFECT IN 
HFA 
 
 
 117
Deschrijver, E., Wiersema, J. R., & Brass, M. (2015b). The 
interaction between felt touch and tactile 
consequences of observed actions: an action-based 
somatosensory congruency paradigm. Social 
Cognitive and Affective Neuroscience. 
doi:10.1093/scan/nsv081 
Deschrijver, E., Wiersema, J. R., & Brass, M. (submitted). 
The influence of action observation on action 
execution: dissociating the contribution of action on 
perception, perception on action and resolving 
conflict. 
Dichter, G. S., & Belger, A. (2007). Social stimuli interfere 
with cognitive control in autism. NeuroImage, 35(3), 
1219–1230. doi:10.1016/j.neuroimage.2006.12.038 
Dowd, A. M., McGinley, J. L., Taffe, J. R., & Rinehart, N. J. 
(2012). Do planning and visual integration 
difficulties underpin motor dysfunction in autism? A 
kinematic study of young children with autism. 
Journal of Autism and Developmental Disorders, 
42(8), 1539–1548. doi:10.1007/s10803-011-1385-8 
Gowen, E., Stanley, J., & Miall, R. C. (2008). Movement 
interference in autism-spectrum disorder. 
Neuropsychologia, 46, 1060–1068. 
doi:10.1016/j.neuropsychologia.2007.11.004 
Grecucci, A., Brambilla, P., Siugzdaite, R., Londero, D., 
Fabbro, F., & Rumiati, R. I. (2013). Emotional 
resonance deficits in autistic children. Journal of 
Autism and Developmental Disorders, 43(3), 616–628. 
doi:10.1007/s10803-012-1603-z 
Hamilton, A. F. D. C. (2013). Reflecting on the mirror 
neuron system in autism: A systematic review of 
CHAPTER 2 
 118
current theories. Developmental Cognitive 
Neuroscience, 3, 91–105. 
doi:10.1016/j.dcn.2012.09.008 
Holeckova, I., Fischer, C., Giard, M. H., Delpuech, C., & 
Morlet, D. (2006). Brain responses to a subject’s own 
name uttered by a familiar voice. Brain Research, 
1082, 142–152. doi:10.1016/j.brainres.2006.01.089 
Knyazev, G. G. (2013). EEG Correlates of Self-Referential 
Processing. Frontiers in Human Neuroscience, 7, 1–14. 
doi:10.3389/fnhum.2013.00264 
Kühn, S., Nenchev, I., Haggard, P., Brass, M., Gallinat, J., & 
Voss, M. (2011). Whodunnit? electrophysiological 
correlates of agency judgements. PLoS ONE, 6(12), 1–
6. doi:10.1371/journal.pone.0028657 
Leuthold, H., & Schröter, H. (2011). Motor programming of 
finger sequences of different complexity. Biological 
Psychology, 86(1), 57–64. 
doi:10.1016/j.biopsycho.2010.10.007 
Lord, C., Risi, S., Lambrecht, L., Cook, E. H. J., Leventhal, B. 
L., DiLavore, P. C., … Rutter, M. (2000). The Autism 
Diagnostic Schedule – Generic:  A standard measures 
of social and communication deficits associated with 
the spectrum of autism. Journal of Autism and 
Developmental Disorders, 30(3), 205–223. 
Magnée, M. J. C. M., De Gelder, B., Van Engeland, H., & 
Kemner, C. (2008). Audiovisual speech integration in 
pervasive developmental disorder: Evidence from 
event-related potentials. Journal of Child Psychology 
and Psychiatry and Allied Disciplines, 49, 995–1000. 
doi:10.1111/j.1469-7610.2008.01902.x 
Minshew, N. J., Turner, C. a, & Goldstein, G. (2005). The 
NEURAL SOURCES OF THE MOTOR INTERFERENCE EFFECT IN 
HFA 
 
 
 119
application of short forms of the Wechsler 
Intelligence scales in adults and children with high 
functioning autism. Joural of Autism and 
Developmental Disorders, 35(1), 45–52. 
Nazarali, N., Glazebrook, C. M., & Elliott, D. (2009). 
Movement planning and reprogramming in 
individuals with autism. Journal of Autism and 
Developmental Disorders, 39, 1401–1411. 
doi:10.1007/s10803-009-0756-x 
Oldfield, R. C. (1971). The assessment and analysis of 
handedness: the Edinburgh inventory. 
Neuropsychologia, 9(1), 97–113. 
Perrin, F., Maquet, P., Peigneux, P., Ruby, P., Degueldre, C., 
Balteau, E., … Laureys, S. (2005). Neural mechanisms 
involved in the detection of our first name: A 
combined ERPs and PET study. Neuropsychologia, 43, 
12–19. doi:10.1016/j.neuropsychologia.2004.07.002 
Press, C., Richardson, D., & Bird, G. (2010). Intact imitation 
of emotional facial actions in autism spectrum 
conditions. Neuropsychologia, 48(11), 3291–3297. 
doi:10.1016/j.neuropsychologia.2010.07.012 
Rigoni, D., Brass, M., Roger, C., Vidal, F., & Sartori, G. 
(2013). Top-down modulation of brain activity 
underlying intentional action and its relationship 
with awareness of intention: An ERP/Laplacian 
analysis. Experimental Brain Research, 229, 347–357. 
doi:10.1007/s00221-013-3400-0 
Rinehart, N. J., Bellgrove, M. a., Tonge, B. J., Brereton, A. V., 
Howells-Rankin, D., & Bradshaw, J. L. (2006). An 
examination of movement kinematics in young 
people with high-functioning autism and Asperger’s 
CHAPTER 2 
 120
disorder: Further evidence for a motor planning 
deficit. Journal of Autism and Developmental 
Disorders, 36(6), 757–767. doi:10.1007/s10803-006-
0118-x 
Rinehart, N. J., Bradshaw, J. L., Brereton, A. V, & Tonge, B. J. 
(2001). Movement Preparation in High-Functioning 
Autism and Asperger Disorder: A Serial Choice 
Reaction Time Task Involving Motor 
Reprogramming. Journal of Autism and 
Developmental Disorders, 31(1), 79–88. 
doi:10.1023/A:1005617831035 
Sebanz, N., Knoblich, G., Prinz, W., & Wascher, E. (2006). 
Twin peaks: an ERP study of action planning and 
control in co-acting individuals. Journal of Cognitive 
Neuroscience, 18, 859–870. 
doi:10.1162/jocn.2006.18.5.859 
Shibasaki, H., & Hallett, M. (2006). What is the 
Bereitschaftspotential? Clinical Neurophysiology, 117, 
2341–2356. doi:10.1016/j.clinph.2006.04.025 
Southgate, V., & Hamilton, A. F. D. C. (2008). Unbroken 
mirrors: challenging a theory of Autism. Trends in 
Cognitive Sciences, 12, 225–229. 
doi:10.1016/j.tics.2008.03.005 
Sowden, S., Koehne, S., Catmur, C., Dziobek, I., & Bird, G. 
(2015). Intact Automatic Imitation and Typical 
Spatial Compatibility in Autism Spectrum Disorder: 
Challenging the Broken Mirror Theory. Autism 
Research. doi:10.1002/aur.1511 
Spengler, S., Bird, G., & Brass, M. (2010). Hyperimitation of 
actions is related to reduced understanding of 
others’ minds in autism spectrum conditions. 
Biological Psychiatry, 68, 1148–1155. 
NEURAL SOURCES OF THE MOTOR INTERFERENCE EFFECT IN 
HFA 
 
 
 121
doi:10.1016/j.biopsych.2010.09.017 
Spengler, S., Von Cramon, D. Y., & Brass, M. (2009). Control 
of shared representations relies on key processes 
involved in mental state attribution. Human Brain 
Mapping, 30, 3704–3718. doi:10.1002/hbm.20800 
Tandonnet, C., Burle, B., Hasbroucq, T., & Vidal, F. (2005). 
Spatial enhancement of EEG traces by surface 
Laplacian estimation: Comparison between local and 
global methods. Clinical Neurophysiology, 116, 18–24. 
doi:10.1016/j.clinph.2004.07.021 
Thierry, G., Pegna, A. J., Dodds, C., Roberts, M., Basan, S., & 
Downing, P. (2006). An event-related potential 
component sensitive to images of the human body. 
NeuroImage, 32, 871–879. 
doi:10.1016/j.neuroimage.2006.03.060 
Van der Meer, L., Groenewold, N. a., Nolen, W. a., 
Pijnenborg, M., & Aleman, A. (2011). Inhibit yourself 
and understand the other: Neural basis of distinct 
processes underlying Theory of Mind. NeuroImage, 
56(4), 2364–2374. 
doi:10.1016/j.neuroimage.2011.03.053 
Vidal, F., Grapperon, J., Bonnet, M., & Hasbroucq, T. (2003). 
The nature of unilateral motor commands in 
between-hand choice tasks as revealed by surface 
Laplacian estimation. Psychophysiology, 40, 796–805. 
doi:10.1111/1469-8986.00080 
Zaitchik, D., Walker, C., Miller, S., LaViolette, P., Feczko, E., 
& Dickerson, B. C. (2010). Mental state attribution 
and the temporoparietal junction: An fMRI study 
comparing belief, emotion, and perception. 
Neuropsychologia, 48(9), 2528–2536. 
CHAPTER 2 
 122
doi:10.1016/j.neuropsychologia.2010.04.031 
Zwickel, J., White, S. J., Coniston, D., Senju, A., & Frith, U. 
(2011). Exploring the building blocks of social 
cognition: Spontaneous agency perception and visual 
perspective taking in autism. Social Cognitive and 
Affective Neuroscience, 6, 564–571. 
doi:10.1093/scan/nsq088 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Running header: AN ACTION-BASED SOMATOSENSORY 
CONGRUENCY PARADIGM 
 123
CHAPTER 3: 
THE INTERACTION BETWEEN FELT TOUCH 
AND TACTILE CONSEQUENCES OF OBSERVED 
ACTIONS: 
 AN ACTION-BASED SOMATOSENSORY 
CONGRUENCY PARADIGM5 
 
Action observation leads to a representation of both 
the motor aspect of an observed action (motor simulation) 
and its somatosensory consequences (action-based 
somatosensory simulation) in the observer’s brain. In the 
current EEG-study, we investigated the neuronal interplay 
of action-based somatosensory simulation and felt touch. 
We presented index or middle finger tapping movements of 
a human or a wooden hand, while simultaneously 
presenting ‘tap-like’ tactile sensations to either the 
corresponding or non-corresponding fingertip of the 
participant. We focused on an early stage of somatosensory 
processing (P50, N100 and N140 SEPs) and on a later stage 
of higher-order processing (P3-complex). The results 
revealed an interaction effect of animacy and congruency in 
the early P50 SEP and an animacy effect in the N100/N140 
SEPs. In the P3-complex, we found an interaction effect 
indicating that the influence of congruency was larger in 
                                                        
5 Deschrijver E., Wiersema, J., R., & Brass, M. (2015). The 
interaction between felt touch and tactile consequences of 
actions: An action-based somatosensory congruency paradigm. 
Social Cognitive and Affective Neuroscience. 
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the human than in the wooden hand. We argue that the P3-
complex may reflect higher-order self-other distinction by 
signaling simulated action-based touch that does not match 
own tactile information. As such, the action-based 
somatosensory congruency paradigm might help 
understand higher-order social processes from a 
somatosensory point of view.  
 
Introduction 
Understanding what other people do is crucial for 
interacting in a social environment. Over the last two 
decades, evidence has accumulated that social 
understanding is partly based on co-representing other 
people’s actions and sensations in brain areas dedicated 
to experiencing these ourselves (we refer to this as 
‘simulation’). When we observe an action for instance, we 
simulate the observed behavior within our own motor 
system (for reviews, see Keysers & Gazzola, 2014; 
Keysers, Kaas, & Gazzola, 2010; Rizzolatti & Craighero, 
2004). However, we do not only simulate observed motor 
behavior, we also simulate observed somatosensory 
events within our own somatosensory systems (for a 
review, see Keysers et al., 2004, 2010). Seeing someone in 
pain, for instance, elicits activation in the insula, as if one 
undergoes the pain oneself (Bufalari, Aprile, Avenanti, Di 
Russo, & Aglioti, 2007; Lamm, Decety, & Singer, 2011; 
Riečanský, Paul, Kölble, Sieger, & Lamm, 2014). Similarly, 
vicarious activations in the somatosensory cortex occur 
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when observing someone being touched (next: ‘passive 
touch simulation’; Blakemore, Bristow, Bird, Frith, & 
Ward, 2005; Ebisch et al., 2008; Keysers et al., 2004, 2010; 
Pihko, Nangini, Jousmäki, & Hari, 2010; Schaefer, Flor, 
Heinze, & Rotte, 2006; Schaefer, Heinze, & Rotte, 2012; 
Schaefer, Xu, Flor, & Cohen, 2009). Importantly, motor 
and somatosensory events usually do not occur in 
isolation in a social environment. When we observe 
somebody grasping an object, for example, this also 
involves the observation of somatosensory events (i.e. the 
person touching the object). Therefore, it is not surprising 
that functional magnetic imaging (fMRI) studies have 
yielded evidence for the involvement of somatosensory 
brain areas in action observation (next: we refer to this as 
action-based somatosensory simulation; Gazzola & 
Keysers, 2009; Keysers et al., 2004, 2010; see also 
Avenanti, Bolognini, Maravita, & Aglioti, 2007).  
While these findings suggest that the 
somatosensory consequences of observed actions are 
simulated simultaneously to the motor component 
thereof (Avenanti et al., 2007; Gazzola & Keysers, 2009; 
Keysers et al., 2010), direct evidence for this is still 
lacking. The reason is that it is difficult to localize brain 
activity in the somatosensory cortex that is specific to the 
effector that is actually producing the action. In other 
words, we do not know whether the action-based touch 
simulation is specific to the spatial location of the touch 
observed on the agent’s body. One way to directly 
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investigate this is by applying a manipulation in which the 
observed action-based touch of others is combined
with a tactile stimulus that is either congruent or 
incongruent to the observed touch in terms of spatial 
location on the participant’s body. If action-based 
somatosensory simulation reflects the simulation of the 
actual somatosensory consequence of the observed 
action, and the cognitive system compares this 
information to own felt touch, the brain should 
distinguish between these spatially congruent and 
spatially incongruent trials. In the field of passive touch 
observation, studies showed that the observed passive 
touch activates somatotopically-organized areas in S1 
(Blakemore et al., 2005; E. Kühn, Müller, Turner, & Schütz-
Bosbach, 2014). Likewise, in the field of action 
observation, studies showed that observed actions 
executed by different effectors (mouth, hand, and foot) 
activate the premotor cortex in a somatotopically-
organized manner (Buccino et al., 2001). In addition, it 
was shown that the spatial congruency of observed 
passive touch and felt touch affects the processing of felt 
tactile sensations (e.g. Longo et al., 2012; Tsakiris & 
Fotopoulou, 2008), while the spatial congruency of 
observed finger movements and own motor intentions 
affects the execution of own finger movements (Brass, 
Bekkering, & Prinz, 2001; Brass, Bekkering, Wohlschläger, 
& Prinz, 2000; Brass, Derrfuss, & Von Cramon, 2005). 
Accordingly, we reasoned that if action-based 
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somatosensory simulation of fingers is specific to the 
location of the touch (i.e. somatotopically-organized), and 
if the brain compares these action-based touch 
representations to felt touch, the cognitive system should 
process own somatosensory sensations differently when 
somatosensory consequences of the observed human 
action are corresponding to them in location (next: 
effector-specific congruency), as compared to when they 
are not. We therefore used a congruency manipulation 
where participants saw a tapping movement of the index 
or middle finger while receiving tactile stimulation at the 
finger tip of either the congruent or incongruent finger. 
Interestingly, a limited amount of behavioral 
studies (Gillmeister, 2014; Thomas, Sink, & Haggard, 
2013) has already yielded preliminary evidence for the 
existence of such processes, by showing for instance 
amplified intensity judgments of tactile stimuli presented 
at one’s own hand when observing a finger movement 
that has corresponding somatosensory consequences 
(Gillmeister, 2014). Neuroimaging studies combining 
motor observation with sensations of touch, however, 
provided non-realistic tactile feedback for the observed 
action, in which the somatosensory consequences of the 
observed actions never fully corresponded with the felt 
tactile sensations in time and space (Avikainen, Forss, & 
Hari, 2002; Rossi et al., 2002; Voisin et al., 2011; see also 
Gillmeister, 2014). As such, they could not assess whether 
action-based touch simulation is specific to the spatial 
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location of the touch observed on the agent’s body. 
Furthermore, existing studies did not yield insights in the 
temporal signature of the neuronal processes involved.  
In the current electroencephalography (EEG) 
study, we wanted to gain insight in how somatosensory 
consequences of observed actions are represented in the 
human brain. In order to do so, we used a paradigm in 
which participants viewed simple finger movements and 
received congruent or incongruent tactile feedback (figure 
1). More specifically, we presented short series of images 
showing index and middle finger tapping movements, 
while synchronously presenting a tap-like tactile 
stimulation on the tip of either the middle or the index 
finger of the observer’s corresponding hand. As such, the 
tap-like stimulation at the finger was either congruent 
with the sensory consequence of the observed finger 
movement (e.g. observing a tapping movement of the 
index finger while getting a tactile stimulation at the tip of 
the index finger) or incongruent (e.g. observing a tapping 
movement of the index finger while getting a tactile 
stimulation at the middle finger). This means that in 
congruent trials the tactile stimulation will match the 
observed finger movement in terms of relative spatial 
location, whereas there will be a mismatch in incongruent 
trials. Image series of human and of wooden hands were 
presented. Given the observation that non-human agents 
engage simulation processes to a lesser extent (Beck, 
Bertini, Scarpazza, & Làdavas, 2013; Holle, Banissy, 
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Wright, Bowling, & Ward, 2011; Streltsova & McCleery, 
2014; Tai, Scherfler, Brooks, Sawamoto, & Castiello, 2004; 
Tsai & Brass, 2007), we expected congruency differences 
to diminish when the observed hand is a wooden hand. 
While a congruency effect for human hands only would 
indeed be the most straightforward result, any interaction 
of animacy and congruency would suggest that the 
interaction of action-based touch observation and felt 
touch is effector-specific. Indeed, an interaction effect 
indicates that the cognitive system distinguishes between 
the human and wooden hands while responding to the 
relative (mis)match of simulated and felt touch. 
Additionally, the wooden hands serve as a control for low-
level visual and spatial compatibility effects (see also 
(Brass et al., 2000; Catmur & Heyes, 2011; Hommel & 
Prinz, 1997). For a given congruency condition, the 
relative spatial compatibility will not vary between the 
two types of hands. Hence, a main effect of congruency 
could be due to effects of low-level visual or spatial 
compatibility, while a main effect of animacy is expected if 
action observation has a social but neither an effector-
specific nor a spatial influence on the processing of own 
somatosensory sensations. The design thus allowed us to 
disentangle social effects of effector-specific congruency 
from non-social effects of spatial congruency. 
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Due to its excellent temporal resolution, EEG is a 
very useful method for providing insights into the neural 
dynamics of somatosensory consequences of observed 
actions. Indeed, by evaluating event-related potentials 
(ERPs), we can investigate at which processing stage(s) 
action-based somatosensory simulation interacts with felt 
touch in an effector-specific way. This may be of particular 
importance for making a functional interpretation of the 
observed effects. While modulations of early sensory 
evoked potentials (SEPs) in studies investigating passive 
touch simulation have been attributed to processing of 
body-related information in somatosensory areas (e.g. 
Aspell, Palluel, & Blanke, 2012), later neuronal processes 
have been argued to underlie higher-order social 
cognitive processes such as self-other distinction 
(Knyazev, 2013; Spengler, Von Cramon, & Brass, 2009; 
Synofzik, Vosgerau, & Newen, 2008). Indeed, research has 
shown that lower-order sensorimotor and higher-order 
cognitive aspects of self-other distinction can be 
disentangled (Synofzik et al., 2008). Likewise, we will 
focus on two different processing stages:  
First, we will investigate the influence of observed 
action-based touch in an early stage of tactile processing, 
reflected by the sensory evoked potentials (SEPs) P50, 
N100 and N140. The primary somatosensory cortex is 
argued to account for SEPs elicited at 50ms or earlier (e.g. 
P50), while the secondary somatosensory cortex is said to 
be involved in the generation of later SEP components 
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(Allison, McCarthy, & Wood, 1992; see also Bufalari et al., 
2007; Longo et al., 2012). Therefore, we expect more low-
level effects in the P50, such as a main effect of 
congruency and/or animacy (Aspell et al., 2012; Bufalari 
et al., 2007; Martínez-Jauand et al., 2012). If action-based 
somatosensory processing would interact with felt touch 
in an effector-specific way already at an early stage, we 
would expect a larger congruency effect for human as 
compared to wooden hand stimuli in the N100 and N140 
components (i.e. Cardini et al., 2012; Press, Heyes, 
Haggard, & Eimer, 2008; Streltsova & McCleery, 2014). If 
not, we would predict larger amplitudes for human as 
compared to wooden hand trials (main effect of animacy; 
see also Beck et al., 2013; see also Serino & Haggard, 
2010; Serino, Padiglioni, Haggard, & Làdavas, 2009). 
Second, we will evaluate the interplay of observed 
action-based touch and felt touch at a later higher-order 
stage: the P3-complex (see also (Holeckova, Fischer, 
Giard, Delpuech, & Morlet, 2006; Longo et al., 2012; 
Polich, 2007). We reasoned that the P3-complex is a likely 
neuronal index of higher-order self-other distinction 
(Spengler, Bird, & Brass, 2010; Spengler et al., 2009), since 
it has been implicated in congruency processing (e.g. 
(Longo et al., 2012; Zhou, Zhang, Tan, & Han, 2004) in self-
referential processing (Knyazev, 2013) and in high-level 
multisensory comparison processes (Kühn, Nenchev, et 
al., 2011; Longo et al., 2012; Macaluso, 2006; Yamaguchi & 
Knight, 1991). The effector-specificity of action-based 
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somatosensory simulation at this stage would be 
expressed as a congruency effect for human hands only in 
the P3 components. 
 
Method 
Participants 
A total of 44 healthy Caucasian volunteers 
participated in the study (age range 19-49 years (M = 
27.73; SD = 7.77), 22 male). For 27 of them, the 
experiment was the first in a larger battery of studies not 
considered here, while the others only performed the 
current paradigm. The only difference in the design for 
the previous group was the presentation of a brief 
unrelated period of tactile sensations before the start of 
the experiment was announced. More specifically, we 
randomly applied 30 tactile stimulations to the index 
finger and an equal amount to the middle finger of the 
participant, identical to the ones used in the experiment. 
An inter stimulus interval of 700 ms was applied, while 
continuously showing the black screen with the white 
fixation cross in the middle. Data patterns did not 
significantly differ between groups, as confirmed by a 
2x2x2 mixed design ANOVA on pooled data for each of the 
ERP components of interest (with Animacy and 
Congruency as within-subjects factors and Experiment as 
a between-subjects factor). Significant results involving 
the Experiment factor were not detected (all p-values 
>.05), while our main experimental findings were 
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preserved. Therefore, the data are presented as a whole. 
Three participants were excluded from the analyses: one 
did not finish the entire experiment while another one 
showed a large amount of slow waves due to heavy 
transpiration. The third person verbalized after the 
experiment that he had reasons to believe that he was 
suffering from autism spectrum disorder, although he had 
not received a formal diagnosis. The first author of this 
article has received formal training and licensing in 
diagnosing autism spectrum disorder and was thus able to 
form an educated guess. Remaining participants had 
normal or corrected-to-normal vision. All save one were 
right-handed, as indicated by the Edinburgh Handedness 
Inventory (Oldfield, 1971). All remaining participants 
reported a history free of neurological, psychiatric, 
sensory or motoric problems. All participants gave 
written informed consent and were financially 
compensated for their participation. The ethics committee 
of Ghent University approved the study.  
 
Materials 
The experiment was conducted in a dimly lit, 
electrically shielded and sound-attenuated room. The 
participant was seated at approximately 60 cm distance 
from a 17inch monitor. All visual stimuli were 640x380 
pixels large and were centrally presented. The participant 
was seated directly in front of the monitor, both hands 
were placed in a natural palm-down position on the table. 
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Consequently, the participant’s left and right hand were 
placed respectively slightly left and right from the middle 
of the screen. A dark cloth prevented the participants 
from seeing their right hand. A keyboard was placed 
within reach of the left hand. Tactile stimulations were 
achieved by means of a custom made tactile stimulator 
(Dancer Design; www.dancerdesign.co.uk). We used two 
independently controlled piezzo elements to deliver 
mechanical supra-threshold ‘single tap’ stimuli to about 1 
cm² of the tip of the participant’s index and middle fingers 
of the right hand, consistent with the location of the 
observed action-based touch. We loosely fixed the fingers 
to the elements with tape, informing them that this way 
they would not be able to move their hand. Stimulus 
delivery and data acquisition were achieved by means of 
the program Presentation (Neurobs), ran on a HP Compaq 
desktop with Windows XP driver.  
 
Design and procedure 
Each trial started with showing a right hand in a 
neutral posture from a first person perspective, 
corresponding to the participant’s own right hand (1000 
ms). This was followed by an index or middle finger in a 
tapping position (1200 ms) and ended with a black screen 
(700 ms). The onset of the tapping position frame was 
synchronized with a ‘single tap’ touch sensation to the 
back of the index or middle finger of the participant. In 
order to achieve this sensation, the piezzo-element of the 
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tactile stimulator was driven by an audio file containing a 
single saw tooth waveform. In congruent trials, the 
observed hand executed a finger movement that would, 
when executed by one’s self, naturally lead to the tactile 
sensation at the corresponding finger of the participant. In 
incongruent trials, the observed hand movement was 
incompatible with the presented tactile sensation. For 
human hands, a picture of the right hand of a Caucasian 
female was presented, whereas for wooden hands, a 
picture of a right mannequin hand was used. Throughout 
the trial presentation, a fixation mark (‘+’ sign) was 
continuously presented in the center of the screen. A color 
change of the fixation mark accompanied the tapping 
position frame in 10 percent of the trials in each 
condition. Participants were instructed to attend the 
fixation mark and to count the number of red fixation 
crosses. During the breaks, the participant was asked to 
respond with his left hand and the number keys. Accuracy 
feedback was provided afterwards.  
There were two within-subject variables in the 
design: Animacy (human vs. wood) and Congruency 
(congruent vs. incongruent). This lead to 4 experimental 
conditions: human congruent, human incongruent, wood 
congruent and wood incongruent. In the total experiment, 
800 trials were presented. Human and wooden hand trials 
were presented in separate blocks, of which the order was 
counterbalanced across participants. Within each animacy 
block, 200 congruent and 200 incongruent trials were 
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randomly presented, with an equiprobability of index 
finger and middle finger movements. Self-paced breaks 
occurred after every 40 trials. The experiment proper 
lasted 48 minutes. 
 
EEG recording and analyses 
EEG was recorded using a Biosemi ActiveTwo 
recording system at a sampling rate of 1024 Hz from 64 
active electrodes, placed according to the international 
10/20 setting. Bipolar electrodes were placed 
respectively above and below the left eye to measure eye 
blinks, and with left and right canthal montage for 
measuring horizontal eye movements. Electrode offsets 
were kept between -25 and 25 µV at all electrodes. 
Additionally, two electrodes were placed on the mastoids 
for offline referencing.  
EEG data were analyzed using BrainVision 
Analyzer 2 (BVA; Brain Products). The raw data were re-
referenced offline to the average of the left and right 
mastoid. We applied a high pass filter of 0.1 Hz, a low pass 
filter of 30 Hz, and a notch filter of 50 Hz. ERPs were time-
locked to the onset of the tactile stimulation and epochs 
were generated running from -100 ms to 400 ms. Prior to 
averaging, the data were automatically corrected for eye 
movement artifacts. An automatic artifact rejection was 
applied including a gradient check (maximum allowed 
voltage step: 50 µV/ms within 200 ms before and after the 
locked event), a minimum/maximum amplitude check (-
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100 µV and 100 µV respectively), and a low activity check 
(0.5 µV within an interval length of 100 ms). Target trials 
were discarded from analyses. Because we were primarily 
interested in congruency-related processes, the data were 
collapsed by congruency, over left and right finger 
movements observations. All statistical analyses were 
conducted with SPSS Statistics 20 on exported mean area 
amplitudes. Greenhouse-Geisser corrections were applied 
where needed. 
 
Results 
Behavioral results 
Due to technical problems, the behavioral results 
of one of the remaining participants could not be 
analyzed. For the others, a correct counting response was 
given on 93.25% of break questions on average (SD = 
6.46%). Because of the very low error rates and the focus 
on EEG-results, further behavioral analyses were not 
performed. 
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ERP results 
SEPs. Visual inspection of the data revealed clear 
P50, N100 and N140 SEP components, at time latencies 
and with topographic characteristics as reported in SEP 
literature (e.g. Bufalari et al., 2007; Cardini et al., 2012; 
Streltsova & McCleery, 2014). Visual inspection showed 
that stable component topographies extended from 45 to 
55 ms, from 85 to 100 ms and from 105 to 120 ms, 
respectively. With respect to both the P50 and N100, the 
topography was centered around electrodes AF3, AFz, F3, 
F1 and Fz (figure 2AB). Accordingly, these electrodes and 
fixed analyses windows were selected for analyses (figure 
3; for similar P50 and N100 topographies, see Bufalari et 
al., 2007; Streltsova & McCleery, 2014). Given the clearly 
different topography of the N140 (figure 2C) and similarly 
to earlier literature (e.g. Cardini et al., 2012), electrodes 
FC3, FC5, C3, and C5, were selected for N140 analyses.  
P50. A 5x2x2 repeated-measures ANOVA including 
the factors Electrode, Animacy and Congruency confirmed 
a significant interaction effect of the factors Animacy and 
Congruency (F (1,40) = 4.5, p < 0.05; figure 4), indicating 
that already at a very early processing stage information 
about animacy and congruency is integrated. No other 
effects reached significance (all p > 0.05). Paired 
comparison tests (with pooled averages over the 5 
electrodes) indicated that for wooden hand trials, the 
congruent tactile stimulations elicited a larger P50 (M = 
0.78 µV), as compared to incongruent ones (M = 0.50 µV; t 
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(40) = 2.43, p < 0.05) but also as compared to the human 
hand trials (for the human congruent condition: M = 0.43 
µV; t (40) = 2.70, p < 0.05; for the human incongruent 
condition: M = 0.53 µV, t (40) = 1.94, p = 0.06). Paired 
comparisons showed no significant difference between 
incongruent and congruent trials for human hand trials (t 
(40)= 0.75, p = 0.46). 
 
 
 
 
Figure 3: ERP waves at electrode sites AF3, AFz, F3, F1 and Fz. 
The P50 and N100 peaks are labeled at electrode AF3. 
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N100. At identical electrode sites, a 5x2x2 
repeated-measures ANOVA showed a significant main 
effect of Animacy in the N100 amplitude (F (1,40) = 15.52, 
p < 0.001), indicating larger amplitudes for human than 
for wooden hand trials (M = -1.33 µV and M = -0.96 µV 
respectively). Apart from a main effect of Electrode (F 
(1.7, 67) = 12.18, p < 0.001), no other tests showed 
significant results (all p > 0.05).  
 
 
 
 
Figure 4: Plot of the P50 amplitudes (pooled per condition over 
the electrodes AF3, AFz, F3, F1 and Fz in the time frame 45-55 ms) 
showing an Animacy x Congruency interaction effect. 
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N140. A 4x2x2 repeated-measures ANOVA  
(including the factors Electrode, Animacy and 
Congruency) identified a reliable main effect of Animacy 
in the N140 (F (1, 40) = 10.86, p < 0.005). Similar to the 
N100, a larger N140 was found for human than for 
wooden hand stimuli (respective means: M=-1.15 µV and 
M=-0.84 µV; see figure 5). No other effects reached 
significance (all p > 0.05). 
  
 
Figure 5: ERP waves at electrode sites FC5, FC3, C5 and C3. The 
N140 peaks are labeled at electrode FC5. 
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P3. The data showed a P3-complex, comprising an 
early P3 component, with a positive peak with a stable 
central parietal topography from 230 to 270 ms, and a 
later component between 310 to 360 ms, with a slightly 
more parietal distribution. Given the topographical maps 
(figure 2DE) and corresponding with earlier literature 
(e.g. Yamaguchi & Knight, 1991), electrodes Cz, CPz and Pz 
were selected (figure 6) for further analyses. We 
performed 3x2x2 repeated-measures ANOVAs with the 
factors Electrode, Animacy and Congruency for both the 
early and the late P3 component. 
Early P3. With regard to the early P3-component, 
the test showed an Animacy effect (F (2,80) = 4.70, p < 
0.05) and an Electrode x Animacy interaction effect (F 
(1.15, 45.95) = 4.79, p < 0.05). This interaction effect 
indicates larger amplitudes for wooden as compared to 
human trials at electrodes Pz (t (40) = -3.61, p = 0.001; 
M=4.96 µV and M=4.35 µV) and CPz (t (40) = -2.24, p < 
0.05; M = 5.00 µV and M = 4.45 µV) but not at Cz (t (40) = -
0.75, p = 0.46; M= 5.22 µV and M = 5.40 µV). Further, an 
Electrode x Congruency interaction was detected (F (1.51, 
60.52) = 4.29, p < 0.05). Paired comparisons showed 
larger amplitudes for congruent trials as compared to 
incongruent trials at electrode Cz (t (40) = 2.1, p < 0.05; M 
= 5.44µV and M = 5.18µV respectively), a marginal 
difference at electrode CPz (t (40) = 1.8, p = 0.08; M = 5.32 
µV and M = 5.12 µV respectively) and no difference at Pz 
(t (40) = 0.66, p = 0.51; M = 4.70 µV and M = 4.62 µV 
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respectively). Additionally, an Animacy x Congruency 
interaction was observed (1,40) = 9.01, p = 0.005). 
Interestingly, paired comparisons confirmed our 
hypothesis that a congruency effect should be restricted 
to seeing a human hand moving: for human hands, a 
smaller P3 was found for incongruent trials as compared 
to congruent trials (t (40) = 4.24; p < 0.001; M = 4.58 µV 
and M = 5.13 µV respectively), whereas no difference 
existed for wooden hand trials (t (40) = -0.96; p = 0.34; M 
= 5.36 µV and M = 5.17 µV respectively; figure 7 A). In 
effect, the P3 for human incongruent trials seceded from 
that of other conditions. No other effect reached 
significance.  
Late P3. With regard to the late P3-component, the 
test showed a strong continuation of the Congruency x 
Animacy interaction effect (F (1,40) = 14.45, p < 0.001; 
figure 7 B), next to a main effect of Congruency (F (1,40) = 
4.79, p < 0.05). Paired comparisons of the interaction 
effect confirmed the aforementioned smaller P3 for 
incongruent trials as compared to congruent trials for the 
human hand (t (40) = 4.55; p < 0.001; M = 3.31 µV and M = 
4.07 µV), with no difference for wooden hand trials (t (40) 
= -1.33; p = 0.19; M = 4.12 µV and M = 3.88 µV 
respectively). Apart from a main effect of Electrode (F 
(1.06,42.34) = 51.49, p < 0.001), no other effects reached 
significance. 
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Figure 6: ERP waves at electrode sites Cz, CPz and Pz. The early 
P3 peaks are labeled at electrode Cz and the late P3 peaks are 
labeled at electrode Pz. 
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Figure 7: Plot of the Animacy x Congruency interaction effect 
(pooled per condition over the electrodes Cz, CPz, Pz). A. Effect in 
the early P3 in the time frame 230-270 ms. B. Effect in the late P3 
in the time frame 310-360 ms.   
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Discussion 
Previous research has investigated the 
involvement of somatosensory brain areas in action 
observation (Avenanti et al., 2007; Gazzola & Keysers, 
2009; Keysers et al., 2010). The aim of the current study 
was to investigate the specificity of action-based 
somatosensory simulation, and comparison processes of 
this specific type of simulation with felt touch. We 
investigated this by means of a congruency manipulation 
of observed action-based touch and felt touch: 
participants observed a tapping movement of an index or 
middle finger while simultaneously receiving a tactile 
stimulation at the same or a different finger. To 
investigate social effects and to control for non-specific 
effects such as spatial compatibility (Gillmeister, 2014; 
Streltsova & McCleery, 2014), we presented an animated 
wooden hand in half of the trials. Our results showed that 
an interaction of action-based somatosensory simulation 
and felt touch was present at an early stage of 
somatosensory processing (P50) and at a late stage of 
higher-order social processing (P3).  
 
Action-based somatosensory simulation at an early 
stage of somatosensory processing: SEP results 
As a first aim, we wanted to know whether an 
effector-specific interaction of action-based 
somatosensory simulation and felt touch already occurs at 
an early stage of somatosensory processing. We proposed 
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that an interaction of animacy and congruency would 
most likely appear in the N100 and the N140 SEP 
components, next to low-level main effects in the P50 
component. Interestingly however, in contrast to our 
predictions, we found an interaction already in the P50, 
with wooden congruent trials eliciting the largest P50 
amplitudes as compared to all other conditions. 
Importantly, although the congruency effect was found in 
the wooden rather than the human hand, this interaction 
effect nevertheless reflects a social influence. It indicates 
that the cognitive system distinguishes between the 
human and wooden hands while responding to the 
relative (mis)match of simulated and felt touch. As such, 
our data provide evidence for effector-specific action-
based somatosensory simulation already at a very early 
neuronal processing stage. At this point however, we can 
only speculate about a functional interpretation of the 
observed pattern. Facilitation of the P50 SEP component 
has often been explained in terms of heightened attention 
in somatosensory processing (e.g. Aspell et al., 2012; 
Eimer & Forster, 2003; Popovich & Staines, 2015; 
Schubert et al., 2008; Schubert, Blankenburg, Lemm, 
Villringer, & Curio, 2006). Therefore, one could assume 
that the human somatosensory system might engage 
more in sensory prediction for congruent than for 
incongruent animate actions (see also Cross et al., 2012). 
As such, the inanimate congruent trial might lead to a 
more severe mismatch (‘prediction error’) when the 
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observed hand was non-human, as suggested by a 
significant comparison between the congruent trials of 
both hand types. Also, activity of the SI has been related to 
the attribution of observed touch to one’s own body 
(Schaefer et al., 2006). In line with our earlier 
interpretation, the congruent tactile stimulation might as 
well be perceived as very difficult to attribute to one’s 
own body when the observed hand is inanimate, leading 
to the larger effect in the P50 (Aspell et al., 2012; for 
similar effects see Streltsova & McCleery, 2014). The 
pattern of results in N100 and N140 SEP components is 
more straightforward. While no evidence for effector-
specific congruency could be observed in these 
components, they did show larger amplitudes for human 
versus wooden hand movements, irrespective of 
congruency. As was found in earlier (though passive) 
visuotactile studies, our findings add to the idea that only 
the observed touch of a human agent is remapped onto 
the observer’s SII (Beck et al., 2013; Serino & Haggard, 
2010; Serino et al., 2009), similarly to research where 
touch applied to different types of inanimate objects did 
not alter the N140 (Press et al., 2008). In addition, it 
relates to behavioral findings that human action 
observation enhances the processing of felt touch 
(Thomas et al., 2013). Our results thus add to the evidence 
for a specific sensitivity of late SEPs to human stimuli (see 
also Blakemore et al., 2005). Interestingly, our data 
suggest that the early P50 SEP responds more to 
AN ACTION-BASED SOMATOSENSORY CONGRUENCY 
PARADIGM 
 
  151
inanimate action, whereas the later N100 and N140 SEPs 
showed larger amplitudes towards observed animate 
action. One way to reconcile these results might be to 
assume different pathways from the visual system to the 
somatosensory system for self-related and other-related 
observed actions (see also Cardini, Haggard, & Ladavas, 
2013), with the P50 seemingly tapping into the latter.  
 
Action-based somatosensory simulation at late stages 
of social processing: P3 results 
As a second aim, we investigated the effector-
specificity of action-based somatosensory simulations in 
the P3-complex. We advanced the P3-complex (see also 
Holeckova et al., 2006; Longo et al., 2012; Polich, 2007) as 
a plausible candidate for higher-order self-other 
distinction (e.g. Knyazev, 2013; Longo et al., 2012; 
Macaluso, 2006; Zhou et al., 2004). We reasoned that if 
the action-based somatosensory sensations would be 
effector-specific, here we should find a congruency effect 
for human hands only. Indeed, next to a main effects of 
Animacy and Congruency, a significant Animacy by 
Congruency interaction effect was observed, which 
continued to be significant in the later stage of the P3. 
Specifically, the results showed smaller early and late P3 
amplitudes for human incongruent trials than for human 
congruent trials, while no such congruency effect was 
apparent for wooden hand stimuli. As such, we provide 
clear evidence for the effector-specific influence of action-
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based somatosensory simulation at a late higher-order 
stage of processing. 
Given this pattern of results, we suggest that the 
P3 in our paradigm can indeed be interpreted as a neural 
correlate of higher-order self-other distinction. More 
specifically, we argue that simulated action-based 
somatosensory sensations that mismatch with felt touch 
might help to distinguish the self from others, as reflected 
in smaller amplitudes for the human incongruent 
condition in this component. This interpretation adds to 
the literature where basic novel, salient or deviant 
sensory stimuli in a multisensory environment lead to 
modulations of the P3 component (Escera, Yago, Corral, 
Corbera, & Nuñez, 2003; Friedman, Cycowicz, & Gaeta, 
2001; Polich, 2007). Within the social neuroscience 
literature, research has related late parietal components 
to self-referential processing (Blanke et al., 2005; 
Holeckova et al., 2006; Kourtis, Sebanz, & Knoblich, 2012; 
Longo et al., 2012; see also Knyazev, 2013). In the context 
of joint action, it was suggested that a reduced P3 for 
incompatible trials indicates perceptual interference, 
while at the same time being sensitive to social 
information (Sebanz, Knoblich, Prinz, & Wascher, 2006). 
In a study investigating cognitive aspects of the sense of 
agency, smaller P3 components reflected the judgment of 
stimuli as externally produced, and thus not self-
generated (Kühn, Nenchev, et al., 2011). Combining these 
lines of research, it is conceivable that the suppression of 
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the late P3 reflects higher-order social processes of self-
other distinction. Per definition, no social information can 
be derived without making use of our senses (Decety & 
Lamm, 2007). It thus makes sense to postulate a neural 
system that underlies cognitive aspects of self-other 
distinction by signaling instances where simulated 
sensory information does not match sensory information 
coming from one’s own body. 
 
The role of the simulating somatosensory 
consequences of observed action in social perception 
In the current study we demonstrated that the P3 
signals simulated action-based touch that does not match 
with felt touch. Previous studies (Longo et al., 2012; 
Papeo et al., 2010) show, however, that the P3 acts as an 
indicator of (mis)matching simulated and felt 
somatosensory sensations also when the observed touch 
is passive in nature (i.e. a hand being touched; see also 
Gillmeister, 2014). For instance, Longo and colleagues 
(2012) showed smaller P3 amplitudes for incongruent 
versus congruent trials in a ‘mirror box’ manipulation, in 
which the view of passive tactile stimulations applied to 
the own hand was mirrored. Interestingly, when 
transcranial magnetic stimulation (TMS) was used to 
disturb the activity of the right temporoparietal junction 
(TPJ) in the ‘mirror box’ paradigm (Papeo, Longo, Feurra, 
& Haggard, 2010), a reduced behavioral congruency effect 
was observed (see also Pasalar, Ro, & Beauchamp, 2010). 
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Though the P3 is quite an intangible component in terms 
of its generators, earlier ERP literature has implied the 
TPJ as one of its sources ((Blanke et al., 2005; Bledowski, 
Prvulovic, Goebel, Zanella, & Linden, 2004; Longo et al., 
2012; Mulert et al., 2004; Verleger, Jaśkowski, & Wascher, 
2005). Other neuroimaging research is needed to confirm 
this, but it might suggest that the P3 signals both active 
and passive mismatching touch. 
Therefore, one could argue that the neuronal 
activation signaling mismatching simulated touch is not 
specific to action-based sensory simulation, since it does 
not require a motor component. Alternatively however, 
one could also argue that classic passive touch paradigms 
very often involve motor simulation, because usually 
someone else is inducing the touch (e.g. Ebisch et al., 
2008; Longo et al., 2012; Papeo et al., 2010; Schaefer et al., 
2012, 2009). From this perspective, action-based 
somatosensory simulation related to the agent’s 
movements could underlie the reported effects in these 
‘passive’ touch studies. This interpretation would also 
shed light on studies where no differences are found for 
the processing of observed touch applied to human versus 
inanimate objects (e.g. Ebisch et al., 2008; Keysers et al., 
2004). The (implicit) presence of an agent applying the 
touch (see also Streltsova & McCleery, 2014) might lead to 
motor simulation in these inanimate conditions as well. 
More carefully controlled research is needed to test these 
two alternative interpretations. 
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Conclusions 
 
In sum, our study shows that action-based 
somatosensory experiences of others can be used to 
match felt touch (see also Gillmeister, 2014; Thomas et al., 
2013). Using ERPs, the current study was the first to show 
effector-specific neuronal interactions of action-based 
somatosensory simulation and felt touch at two different 
levels of processing. First, we found an interaction of 
animacy and congruency in early somatosensory 
processing (P50). However, the pattern of this interaction 
is difficult to interpret. We also described animacy effects 
during later somatosensory processing (N100 and N140). 
Importantly, in the P3-complex we found the expected 
pattern of results, with a specific modulation of the P3 
amplitude as a function of congruency for a human but 
not for non-human agent. The latter result adds to earlier 
findings where processes comparing observed passive 
touch and felt touch seem to underlie higher-order social 
cognition such as self-other distinction (Cardini et al., 
2012; S. Kühn et al., 2011; Longo et al., 2012; Tsakiris & 
Fotopoulou, 2008; Tsakiris, 2010). The action-based 
somatosensory congruency paradigm may thus inform us 
about the way healthy and clinical populations use action-
based touch simulations to represent the social world. 
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Riečanský, I., Paul, N., Kölble, S., Sieger, S., & Lamm, C. 
(2014). Beta oscillations reveal ethnicity ingroup 
bias in sensorimotor resonance to pain of others. 
Social Cognitive and Affective Neuroscience, 10(7), 
893–901. 
Rizzolatti, G., & Craighero, L. (2004). The mirror-neuron 
system. Annual Review of Neuroscience, 27, 169–192. 
doi:10.1146/annurev.neuro.27.070203.144230 
Rossi, S., Tecchio, F., Pasqualetti, P., Ulivelli, M., Pizzella, V., 
Romani, G. L., … Rossini, P. M. (2002). Somatosensory 
processing during movement observation in humans. 
Clinical Neurophysiology, 113, 16–24. 
doi:10.1016/S1388-2457(01)00725-8 
Schaefer, M., Flor, H., Heinze, H.-J., & Rotte, M. (2006). 
Dynamic modulation of the primary somatosensory 
cortex during seeing and feeling a touched hand. 
NeuroImage, 29(2), 587–92. 
doi:10.1016/j.neuroimage.2005.07.016 
Schaefer, M., Heinze, H. J., & Rotte, M. (2012). Close to you: 
Embodied simulation for peripersonal space in 
primary somatosensory cortex. PLoS ONE, 7(8). 
doi:10.1371/journal.pone.0042308 
Schaefer, M., Xu, B., Flor, H., & Cohen, L. G. (2009). Effects 
of different viewing perspectives on somatosensory 
activations during observation of touch. Human 
Brain Mapping, 30, 2722–2730. 
doi:10.1002/hbm.20701 
CHAPTER 3 
  164
Schubert, R., Blankenburg, F., Lemm, S., Villringer, A., & 
Curio, G. (2006). Now you feel it - Now you don’t: 
ERP correlates of somatosensory awareness. 
Psychophysiology, 43, 31–40. doi:10.1111/j.1469-
8986.2006.00379.x 
Schubert, R., Ritter, P., Wüstenberg, T., Preuschhof, C., 
Curio, G., Sommer, W., & Villringer, A. (2008). Spatial 
attention related SEP amplitude modulations covary 
with BOLD signal in S1 - A simultaneous EEG - fMRI 
study. Cerebral Cortex, 18(November), 2686–2700. 
doi:10.1093/cercor/bhn029 
Sebanz, N., Knoblich, G., Prinz, W., & Wascher, E. (2006). 
Twin peaks: an ERP study of action planning and 
control in co-acting individuals. Journal of Cognitive 
Neuroscience, 18, 859–870. 
doi:10.1162/jocn.2006.18.5.859 
Serino, A., & Haggard, P. (2010). Touch and the body. 
Neuroscience and Biobehavioral Reviews, 34, 224–
236. doi:10.1016/j.neubiorev.2009.04.004 
Serino, A., Padiglioni, S., Haggard, P., & Làdavas, E. (2009). 
Seeing the hand boosts feeling on the cheek. Cortex, 
45, 602–609. doi:10.1016/j.cortex.2008.03.008 
Spengler, S., Bird, G., & Brass, M. (2010). Hyperimitation of 
actions is related to reduced understanding of 
others’ minds in autism spectrum conditions. 
Biological Psychiatry, 68, 1148–1155. 
doi:10.1016/j.biopsych.2010.09.017 
Spengler, S., Von Cramon, D. Y., & Brass, M. (2009). Control 
of shared representations relies on key processes 
involved in mental state attribution. Human Brain 
Mapping, 30(June), 3704–3718. 
doi:10.1002/hbm.20800 
AN ACTION-BASED SOMATOSENSORY CONGRUENCY 
PARADIGM 
 
  165
Streltsova, A., & McCleery, J. P. (2014). Neural time-course 
of the observation of human and non-human object 
touch. Social Cognitive and Affective Neuroscience, 9, 
333–341. doi:10.1093/scan/nss142 
Synofzik, M., Vosgerau, G., & Newen, A. (2008). I move, 
therefore I am: A new theoretical framework to 
investigate agency and ownership. Consciousness and 
Cognition, 17, 411–424. 
doi:10.1016/j.concog.2008.03.008 
Tai, Y. F., Scherfler, C., Brooks, D. J., Sawamoto, N., & 
Castiello, U. (2004). The Human Premotor Cortex Is 
“Mirror” only for Biological Actions. Current Biology, 
14, 117–120. doi:10.1016/j.cub.2004.01.005 
Thomas, R., Sink, J., & Haggard, P. (2013). Sensory effects 
of action observation: Evidence for perceptual 
enhancement driven by sensory rather than motor 
simulation. Experimental Psychology, 60(5), 335–346. 
doi:10.1027/1618-3169/a000203 
Tsai, C., & Brass, M. (2007). Does the Human Motor 
System Simulate Pinocchio’s Actions? Psychological 
Science, 18(12), 1058–1062. doi:10.1111/j.1467-
9280.2007.02025.x 
Tsakiris, M. (2010). My body in the brain: A 
neurocognitive model of body-ownership. 
Neuropsychologia, 48, 703–712. 
doi:10.1016/j.neuropsychologia.2009.09.034 
Tsakiris, M., & Fotopoulou, A. (2008). Is my body the sum 
of online and offline body-representations? 
Consciousness and Cognition, 17(4), 1317–1320. 
doi:10.1016/j.concog.2008.06.012 
Verleger, R., Jaśkowski, P., & Wascher, E. (2005). Evidence 
CHAPTER 3 
  166
for an integrative role of P3b in linking reaction to 
perception. Journal of Psychophysiology, 19(3), 165–
181. doi:10.1027/0269-8803.19.3.165 
Voisin, J. I. a, Rodrigues, E. C., Hétu, S., Jackson, P. L., 
Vargas, C. D., Malouin, F., … Mercier, C. (2011). 
Modulation of the response to a somatosensory 
stimulation of the hand during the observation of 
manual actions. Experimental Brain Research, 208, 
11–19. doi:10.1007/s00221-010-2448-3 
Yamaguchi, S., & Knight, R. T. (1991). Anterior and 
posterior association cortex contributions to the 
somatosensory P300. The Journal of Neuroscience : 
The Official Journal of the Society for Neuroscience, 
11(July), 2039–2054. 
Zhou, B., Zhang, J. X., Tan, L. H., & Han, S. (2004). Spatial 
congruence in working memory: an ERP study. 
Neuroreport, 15(18), 2795–9. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/15597057 
 
 
 
 
 
 
 
Running header: ACTION-BASED TOUCH OBSERVATION IN HFA 
 167
CHAPTER 4: 
ACTION-BASED TOUCH OBSERVATION  
IN HIGH-FUNCTIONING AUTISM:  
CAN COMPROMISED SELF-OTHER DISTINCTION 
ABILITIES LINK SOCIAL AND SENSORY EVERYDAY 
PROBLEMS?6 
 
The relationship between social and sensory 
impairments in autism spectrum disorder (ASD) is poorly 
understood. We investigated whether adults with high-
functioning autism (HFA) adequately compare simulated to 
felt touch during action observation (action-based touch).  
As such, we tested whether insufficient self-other distinction 
centered on touch (Deschrijver, Wiersema, & Brass, 2015) 
can be linked to social difficulties in ASD. In the current 
EEG-study, we employed the action-based somatosensory 
congruency paradigm (Deschrijver et al., 2015) in 23 adults 
with a diagnosis of ASD and individually matched controls. 
Participants observed a finger tap movement of a human or 
wooden hand (Animacy), combined with a tap-like tactile 
sensation that is spatially either matching or mismatching 
to the tactile consequence of the observed movement 
(Congruency). At high-level processing stages (P3-complex), 
the HFA group showed a diminished congruency effect for 
                                                        
6 Deschrijver, E., Wiersema, J. R. & Brass, M. (submitted). 
Action-based touch observation in high-functioning autism: Can 
compromised self-other distinction abilities link social and 
sensory everyday problems? 
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human hands only, suggesting difficulties to signal observed 
action-based touch of others that does not match own touch 
experiences. Crucially, this diminished P3-effect reliably 
correlated with self-reports of social and sensory everyday 
dysfunctions in ASD. The current study reports the first 
evidence for compromised self-other distinction centered on 
touch processes in ASD. These findings might denote a novel 
theoretical link between sensory and social impairments in 
the autism spectrum. 
 
Introduction 
 
Autism spectrum disorder (ASD) is a 
neurodevelopmental condition characterized by, amongst 
others, persistent difficulties in social communication and 
social interaction (DSM-5; American Psychiatric 
Association, 2013). This is often reflected in a reduced 
notion of others’ state of mind (e.g. Baron-Cohen, Leslie, & 
Frith, 1985) and an egocentric bias within the normal 
reciprocity of social interactions (American Psychiatric 
Association, 2013). Apart from social impairments, people 
with ASD often show sensory abnormalities in everyday 
life situations. For instance, feelings of sensory overload 
and other hypersensitivities are repeatedly reported (for 
reviews see Donohue, Darling, & Mitroff, 2012; Iarocci & 
McDonald, 2006; Marco, Hinkley, Hill, & Nagarajan, 2011) 
and sensory problems have recently been formally 
included in the diagnostic criteria of ASD in the DSM-5 
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(American Psychiatric Association, 2013). For this reason, 
an increasing number of researchers consider 
compromised sensory processing in the brain an essential 
aspect of ASD, and have tried to link it conceptually to 
social impairments in the condition (e.g. Pellicano & Burr, 
2012; van Boxtel & Lu, 2013; Van De Cruys et al., 2014). 
More specifically, it was suggested that social difficulties 
in ASD might merely result from the sensory complexity 
inherent to social situations, leading to attempts to avoid 
these overstimulating situations (Simmons et al., 2009; 
Van De Cruys et al., 2014).  
Importantly, of all senses affected in ASD, altered 
processing of tactile information is the strongest mediator 
of the social symptoms’ severity (next to olfaction; Hilton 
et al., 2010; Lundqvist, 2015). This is noteworthy, because 
research has shown that we involve our own touch-
processing systems to simulate tactile experiences of 
others (next: passive touch simulation; Gazzola & Keysers, 
2009; Keysers et al., 2004; Keysers, Kaas, & Gazzola, 
2010). Moreover, when we observe an action, we also 
simulate the tactile consequences of this action in our 
somatosensory cortices (next: action-based touch 
simulation; Gazzola & Keysers, 2009; Keysers et al., 2010). 
This suggests that while interacting with others, we are 
‘feeling’ what others feel while they are acting (Gazzola & 
Keysers, 2009; Keysers et al., 2004, 2010). Because 
simulated touch is represented within brain areas 
designated for experiencing touch one’s self (Gazzola & 
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Keysers, 2009; Keysers et al., 2004), one could wonder 
how simulated and experienced own touch can be 
distinguished. Interestingly, research has shown that 
comparing simulated touch to felt touch crucially 
contributes to the neural representation of the self as 
similar or distinct of its environment (Blanke, 2012; 
Deschrijver et al., 2015; Ionta et al., 2011; Paladino, 
Mazzurega, Pavani, & Schubert, 2010; Tsakiris & 
Fotopoulou, 2008; Tsakiris, 2010). The inability to 
distinguish simulated touch of others from one’s own 
touch, in contrast, might thus result in severe 
impairments in both the representation of self and others 
(Lombardo & Baron-Cohen, 2010, 2011). In ASD, 
theoreticians have argued that an incomplete high-level 
sense of self is of paramount importance for 
understanding social dysfunctions (Lombardo & Baron-
Cohen, 2010, 2011; Lombardo et al., 2010). We reasoned 
that insights in the neural interplay of observed touch and 
felt touch in individuals with ASD may prove crucial for 
our understanding of both social and sensory aspects of 
the disorder. 
Recently we developed and validated a paradigm 
to investigate the interaction of felt touch and observed 
action-based touch (the action-based somatosensory 
congruency paradigm) and tested it in neurotypical adults 
using EEG measures (Deschrijver et al., 2015). In this 
paradigm, picture sequences of human and wooden hands 
making tapping movements with the index or middle 
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finger are visually presented, while simultaneously 
applying a ‘tap-like’ tactile stimulation to the 
corresponding or non-corresponding finger of the 
participant. Using EEG, we observed effects both at early 
low-level stages of somatosensory processing (sensory 
evoked potentials; SEPs P50, N100 and N140, see also 
Deschrijver, Wiersema, & Brass, 2015; Popovich & Staines, 
2015) as well as high-level stages of processing (P3-
complex comprising an early centroparietal P3-
component and a later more posterior parietal P3 
component, e.g. Verleger, Jaśkowski, & Wascher, 2005). 
The findings revealed that participants process a tactile 
stimulus differently depending on whether the sensation 
matches or mismatches an observed human hand tapping. 
As predicted, we observed a congruency effect for human 
hands only in the P3, suggesting that the neurotypical 
human brain signals simulated action-based touch that 
does not match felt touch at high-levels of processing. 
Because previous research associated the P3-component 
with self-related processes (Holeckova, Fischer, Giard, 
Delpuech, & Morlet, 2006; Knyazev, 2013; Perrin et al., 
2005), we reasoned that the observed P3-effect might 
reflect self-other distinction centered on touch processes 
(Deschrijver et al., 2015). In the current work, we aimed 
to evaluate these processes in a group of adults with high 
functioning autism (HFA), while comparing their EEG 
responses to those of a neurotypical control group (CON). 
We hypothesized that individuals with ASD might 
CHAPTER 4 
  172
experience difficulties in signaling human action-based 
touch that does not match their own sensations of touch, 
as a reflection of a deficient neural sense of self 
(Lombardo et al., 2010) indicated by a reduced P3 effect. 
Furthermore, we hypothesized that the P3 effect might 
relate to self-report measures of social autistic difficulties 
and of sensory hypersensitivity/avoidance at an 
individual level in the HFA group. Such findings would 
help to understand the relation of sensory and social 
difficulties in the autism spectrum.  
 
Method 
Participants 
We recruited 23 adults with HFA by means of our 
own research database and a recruiting announcement 
distributed by the Flemish Autism Association. Each 
participant was then matched with a neurotypical control 
participant (CON) on demographic measures of age (±5 
years), intelligence (±20 TIQ points), gender and 
handedness (as measured by the Edinburgh Handedness 
Inventory; (Oldfield, 1971)). Participants in the CON 
group were screened on several exclusion criteria prior to 
participation (neurological, psychiatric, sensory or 
motoric problems and the use of psychiatric medication). 
All participants with HFA had received a formal diagnosis 
of ASD (including autism, Asperger’s syndrome and PDD-
NOS) from an independent clinician or multidisciplinary 
team and were free of any additional neurological 
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disorder. They completed the Autism Diagnostic 
Observational Schedule (ADOS; Lord et al., 2000) Module 
4 with a trained researcher.  The local Ghent University 
ethics committee approved the study. All participants 
were financially compensated for their participation and 
gave written informed consent before participation.  
Similar to previous studies on HFA (e.g. Magnée, 
De Gelder, Van Engeland, & Kemner, 2008; Zwickel, White, 
Coniston, Senju, & Frith, 2011), we included in our data 
analyses HFA participants who scored above or one point 
below cut-off on one subscale of the ADOS and attained an 
ADOS score of minimum 6. It is not uncommon for 
individuals with a diagnosis of ASD that are high 
functioning to score just below ADOS cut-off criteria (e.g. 
Magnée, De Gelder, Van Engeland, & Kemner, 2008; 
Zwickel, White, Coniston, Senju, & Frith, 2011). As such, 
the data of 19 pairs of participants were included in our 
analyses (with 14 HFA participants meeting full ADOS 
criteria). Two participants from the CON group were 
additionally excluded from analyses, respectively because 
artifact rejections retained less than 10% of one 
individual’s data and because of the other displaying a P3-
complex that strongly differed from all other participants 
in terms of morphology and topography. The remaining 
participant groups (CON: n = 17; HFA: n = 19), were well 
matched for gender (CON: 11 males; HFA: 13 males), 
handedness (right-handed CON: 16 persons; right-handed 
HFA: 17 persons), age (CON: M = 31.35, SD = 6.63; HFA: M 
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= 32.95 years, SD = 6.26), and full-scale IQ score (CON: M 
= 118.76, SD = 14.16; HFA: M = 110.95, SD = 14.64). 
Finally, all participants filled out self-report questionnaire 
forms: the Edinburgh Handedness Inventory (Oldfield, 
1971), the Autism Spectrum Quotient (AQ; Baron-Cohen, 
Wheelwright, Skinner, Martin, & Clubley, 2001), the Social 
Responsiveness Scale – Adult version (SRS-A; Bölte, 
Poustka, & Constantino, 2008), and the Sensory Profile-NL 
(SP; Dunn & Westman, 1997). While the AQ is a self-
report measure of general autistic traits, the SRS-A 
measures specifically social difficulties characteristic of 
the autism spectrum. The SP, on the other hand, focuses 
on sensory processing peculiarities within daily life 
situations, and yields four quadrant scores (Sensation 
Hypersensitivity, Sensation Avoidance, Low Registration 
and Sensation Seeking). Due to missing data, the SRS-A 
questionnaire data of 3 individuals (one from the HFA 
group and two from the CON group), the AQ questionnaire 
data of 2 participants with HFA and the Sensory Profile-
NL data of 1 individual with HFA could not be included. T-
tests confirmed that no significant demographic 
differences existed between groups. Individuals in the 
HFA group scored well above ADOS and autism cut-offs of 
the AQ on average (Baron-Cohen et al., 2001; Lord et al., 
2000). As one could expect, t-tests showed highly 
significant differences between the mean total 
dimensional scores on the SRS-A and on the AQ 
questionnaires. Participant characteristics and statistics 
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are summarized in table 1.  
 
 HFA CON p-value 
 
Male participants 
13 11 0.81 
Right-handed participants 17 16 0.61 
Mean age, years (S.D.) 32.95 (6.26) 31.35 (6.63) 0.46 
Mean full-scale IQ (S.D.) 110.95 (14.64) 
118.76 
(14.16) 
0.11 
Mean ADOS communication 
(S.D.) 
2.58 (1.07) N.A. N.A. 
Mean ADOS reciprocal social 
interaction (S.D.) 
6.16 (2.17) N.A. N.A. 
Mean total score AQ (S.D.) 32.11 (8.44) 11.18 (3.92) 0.00*** 
Mean total score SRS-A (S.D.) 159.33 (35.02) 
92.67 
(14.40) 
0.00*** 
SP-NL, Mean score in the 
Hypersensitivity quadrant (S.D.) 
42.70 (11.89) 33.41 (8.41) 0.01** 
SP-NL, Mean score of Avoidance 
quadrant (S.D.) 
44.10 (10.78) 31.71 (6.32) 0.00*** 
    
 
Table 1. Participant details. Standard deviances are noted 
between brackets where applicable. We used t-test or Chi-Square 
tests were used whenever appropriate. (*** p < 0.005; ** p < 0.01; 
* p < 0.05) 
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Procedure  
For both groups, the EEG-experiment was the first 
in a larger battery of tasks (not presented here), which 
took place in two experimental sessions (with 
approximately 3 weeks time in between). Both sessions 
took place in a dimly lit and sound-attenuated room. In 
the first session, the EEG-data were gathered, with this 
study being the first of two EEG-studies. In the second 
session, each participant completed 2 behavioral tasks 
(not reported here) and demographic data were gathered. 
If no recent standardized cognitive assessment was 
performed (within 5 years prior to participation), we 
derived the participants’ status as ‘high functioning’ from 
an IQ-score estimation using the KAUFMAN 2 short form 
Wechsler Adult Intelligence Scale III (full scale IQ ≥85; see 
(Minshew, Turner, & Goldstein, 2005) for the use in ASD). 
After this, participants belonging to the HFA group 
received the ADOS-Module 4 (Lord et al., 2000), 
administered by a formally trained researcher.  
 
Stimuli and task 
All materials and the design were identical to 
those described in our earlier study with the action-based 
congruency paradigm (Deschrijver et al., 2015; see figure 
1). All visual stimuli were 640x380 pixels large and were 
centrally presented at approximately 60 cm distance from 
the participant on a 17-inch monitor. We placed the 
participant’s right hand in a natural palm-down position 
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on the table surface. A custom made tactile stimulator 
(Dancer Design; www.dancerdesign.co.uk) with two 
independently controlled piezzo-electric electrodes 
delivered supra-threshold ‘single tap’ stimuli to about 1 
cm² of the tip of the participant’s index and middle fingers 
of this hand, consistent with the location of the observed 
action-based touch. The fingers were loosely fixed to the 
electrodes with tape and then covered with a dark cloth, 
preventing the participant from seeing his hand. Within 
reach of the left hand, a keyboard was situated. Before the 
start of the experiment was announced, we applied 30 
tactile sensations to the index finger and an equal amount 
to the middle finger of the participant, which were 
randomly intermixed and identical to the ones used in the 
experiment. We used an interstimulus interval of 700 ms, 
while continuously showing a white fixation cross in the 
middle of a black screen. Data acquisition and stimulus 
delivery were accomplished via the program Presentation 
(Neurobs), ran on a HP Compaq desktop with Windows 
XP driver.  
In the experiment, each trial started with showing 
a hand in a neutral posture from a first-person 
perspective, corresponding to the participant’s own right 
hand (1000 ms). We then presented an index or middle 
finger in a tapping position (1200 ms) and ended with a 
black screen (700 ms). A ‘single tap’ tactile stimulation to 
the index or middle finger of the participant was 
synchronized with the onset of the tapping position frame. 
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To achieve this, an audio file containing a single sawtooth 
waveform drove the piezzo-element of the tactile 
stimulator. In congruent trials, the observed hand 
executed a finger movement that would naturally lead to 
the tactile sensation at the corresponding finger of the 
participant, when executed by one’s self. In incongruent 
trials, the tactile sensation was incompatible with the 
observed hand movement. For human hand stimuli, we 
used the right hand of a Caucasian female, whereas a right 
mannequin hand was used for wooden hand stimuli. A 
central fixation mark (‘+’ sign) was continuously 
presented during trials. In 10 percent of the trials of each 
condition, the fixation mark changed colors to red, 
designating the trial to be a target. Participants were 
instructed to count the number of red fixation crosses 
they had seen. During the breaks, the participant was 
required to give in this count with his left hand via the 
number keys on the keyboard. After this, accuracy 
feedback was offered.  
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The design consisted of two within-subjects 
factors and one between-subjects factor: Animacy (human 
vs. wood), Congruency (congruent (C) vs. incongruent (I)) 
and Group (CON vs. HFA) respectively. The within-
subjects factors led to 4 experimental conditions: human 
congruent, human incongruent, wood congruent and 
wood incongruent. We presented human and wooden 
hand trials in separate blocks, of which the order was 
counterbalanced across participants. Within each animacy 
block, we randomly presented 200 congruent and 200 
incongruent trials, leading to 800 trials in total. Index 
finger and middle finger movements were equiprobable 
per condition. After every 40 trials, self-paced breaks 
occurred. The experiment proper lasted about 50 
minutes. 
 
EEG recording and analyses 
EEG was recorded with a Biosemi Activetwo 
amplifier at a sampling rate of 1024 Hz from 64 active 
electrodes, placed according to the international 10/20 
setting. For offline re-referencing, two electrodes were 
placed on the mastoids. To measure horizontal eye 
movements, bipolar electrodes with left and right canthal 
montage were placed, whereas electrodes above and 
below the left eye served to measure eye blinks. We held 
electrode offsets between -25 and 25 µV at each electrode. 
The EEG data were analyzed with BrainVision 
Analyzer 2 (BVA; Brain Products). The average of the left 
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and right mastoid was used as a reference for the raw 
data. A high pass filter of 0.1 Hz, a low pass filter of 30 Hz, 
and a notch filter of 50 Hz were performed. Epochs were 
defined from -100 ms to 400 ms around the onset of the 
tactile stimulation. The ERPs were automatically 
corrected for eye movement artifacts. Additionally, we 
applied an automatic artifact rejection including a 
minimum/maximum amplitude check (-100 µV and 100 
µV respectively), a gradient check (maximum allowed 
voltage step: 50 µV/ms within 200 ms before and after the 
locked event), a low activity check (0.5 µV within an 
interval length of 100 ms) and a baseline correction. 
Because we were interested in congruency-related 
processes, the data were collapsed over left and right 
finger movements observations. Target trials were not 
considered for analyses.  
All statistical analyses were conducted with SPSS 
Statistics 22 on exported mean area amplitudes. For this, 
we used identical time frames and electrode positions of 
interest as reported in our earlier study (Deschrijver et al., 
2015): 45 to 55 ms at electrode sites AF3, AFz, F3 and F1 
for the P50 component; 85 to 100ms at identical electrode 
sites for the N100 component; 105 to 120 ms at electrode 
sites FC3, FC5, C3, and C5 for the N140 component; 230 to 
270 ms and 310 to 360 ms at electrodes Cz, CPz and Pz for 
the early and late P3 component, respectively (see figure 
2). For each ERP-component of interest, we pooled the 
data over the relevant electrode positions and performed  
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a 2x2x2 mixed-model ANOVA (with the within-subjects 
factors Animacy and Congruency and a between-subjects 
factor Group). Where needed, Greenhouse-Geisser-
corrected analyses were reported. All EEG-data of the 
CON group (but none of the HFA group) were included as 
a part of our first manuscript on the action-based 
somatosensory congruency paradigm (Deschrijver et al., 
2015). 
Results 
Behavioral results 
For the CON group, a correct counting response 
was given on 91.11% of break questions on average (SD = 
8.15%), whereas this was the case for 89.47% of 
responses in the HFA group (SD = 14.03%). A Chi-Square 
test on these data yielded no group difference (Χ2 = 0.48, p 
= 0.49). This suggests a similar task-involvement for both 
groups. 
 
EEG results 
SEPs. 
P50. Individuals in the CON group showed 
numerically larger P50 amplitudes in wooden congruent 
trials as compared to wooden incongruent trials, with no 
congruency difference in human hand trials. For 
individuals with HFA, the congruency effect for wooden 
hand trials numerically reversed (see figure 3A). 
However, the ANOVA showed only a marginally 
significant three-way interaction of Animacy, Congruency  
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and Group (F (1,34) = 3.66, p = 0.06). Because we did not 
have a priori hypotheses about a P50 group difference, we 
didn’t investigate this marginally significant effect any 
further.  
N100. The ANOVA on N100 amplitudes yielded a 
significant main effect of Animacy (F (1,34) = 8.50, p < 
0.01; see figure 3AC) and an Animacy x Group interaction 
effect (F (1,34) = 5.40, p < 0.05). Control participants 
showed larger N100 amplitudes for human hand trials as 
compared to wooden hand trials (t (16) = -3.81, p < 0.01, 
animacy effect M = 0.26 µV), whereas this animacy 
difference was not present in the HFA group (t (18) = -
0.41, p = 0.69; animacy effect: M = 0.04 µV). No other 
effects approached significance (all p’s > 0.10). 
N140. The ANOVA identified a reliable main effect 
of Animacy in the N140 (F (1,34) = 10.12, p < 0.005; see 
3BD). The interaction effect of Animacy and Group was far 
from significant (F (1,34) = 0.26, p = 0.61). This suggests 
that both groups showed a larger N140 for human than 
for wooden hand stimuli (pooled animacy effect for CON: 
M = 0.82 µV; for HFA: M = 0.50 µV).  
 
P3. 
Early P3. In the early P3, the ANOVA yielded a 
strong interaction effect of Animacy and Congruency (F 
(1,34) = 9.40, p < 0.005; see figure 2 and 4A). A marginally 
significant interaction effect of Animacy, Congruency and 
Group was also present (F (1,34) = 3.19, p = 0.083). Given 
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our a priori hypotheses on the P3-effects, we tentatively 
investigated this effect further. The CON group showed a 
highly significant difference between congruent and 
incongruent human hand trials (t (16) = 4.48, p < 0.001; 
mean difference M = 0.71 µV) whereas this difference was 
not significant for the HFA group (t (18) = 0.85, p = 0.40; 
mean difference M = 0.16 µV).  Neither of the groups 
showed a significant congruency difference in the wooden 
hand trials (for CON: t (16) = -1.04, p = 0.31, mean 
difference M = 0.34 µV; for HFA:  t (18) = -0.69, p = 0.50, 
mean difference M = 0.12 µV).  
Late P3. In the late P3-component, the ANOVA 
revealed an almost significant main effect of Congruency 
(F (1,34) = 4.06, p = 0.05; see figure 2 and 4AB) and a 
strong continuation of the earlier described Congruency x 
Animacy interaction effect (F (1,34) = 16.73, p < 0.001; 
see figure 3 A and B). Importantly, we also detected a 
three-way interaction of Animacy, Congruency and Group 
(F (1,34) = 4.45, p < 0.05). Again, paired comparisons 
showed that the CON group distinguished clearly between 
congruent and incongruent human hand trials (t (16) = 
4.01, p = 0.001; mean congruency difference M = 1.13 µV), 
while this effect was smaller and only marginally 
significant in the HFA group (t (18) = 1.8, p = 0.09; mean 
congruency difference: M = 0.44µV). Neither of the groups 
showed a congruency effect in wooden hand trials: t (16) 
= -1.73, p = 0.10 for CON; and t (18) = -0.38, p = 0.71 for 
HFA).  
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Correlation results 
Given our strong hypothesis that the P3 effect in 
the HFA group would show relationships with self-
reported measures of social autistic difficulties and 
sensory avoidance/hypersensitivity, we computed for 
each individual in the HFA group an index of this effect 
(P3-index = (human congruent – human incongruent) - 
(wood congruent – wood incongruent)). While sensory 
processing theories of ASD have mainly focused on 
explaining sensory hypersensitivity and avoidance 
behaviors (Van De Cruys et al., 2014), we focused on the 
relationships with the Sensation Sensitivity and Sensation 
Avoidance quadrants (see figure 4C). The P3-index in the 
HFA group showed a negative relationship with the 
Sensation Avoidance quadrant of the SP-NL (r = -0.51, p < 
0.05), and a marginally significant negative relationship 
with the Sensation Sensitivity quadrant (r = -44, p = 0.07). 
As a sidenote: the other two quadrants of the SP-NL 
yielded a marginally significant and an insignificant 
correlation (for Sensation Seeking: r = 0.42, p = 0.08; for 
Low Registration: r = -32, p = 0.20). In addition, we 
observed a significant relationship with the SRS-A (r = -
0.53, p < 0.05; see figure 4C). The SRS-A scale and the 
Sensory Sensitivity/Avoidance quadrants of the SP-NL 
correlated highly positively (r = 0.74, p = 0.001 and r = 
0.68, p < 0.005 respectively). These results suggest that a 
reduced P3 in HFA is related to sensory and social 
difficulties in the daily life of individuals with HFA. While 
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such correlations should also be expected in the general 
population, the limited range of autism scores in the 
current CON group limits the possibility that such 
relationships would be detectable in this group. 
Additional correlational analyses in the CON group were 
therefore not conducted. 
 
Discussion 
 
In the current study, we explored how adults with 
HFA use the sense of touch to process simulated action-
based touch of others. More specifically, by means of EEG 
and the action-based somatosensory congruency 
paradigm (Deschrijver et al., 2015), we examined 
neuronal comparison processes of action-based touch 
observation and own touch. The HFA group showed 
altered neural processing of the stimuli at early stages of 
own somatosensory processing (N100 SEP effects) and at 
late stages of more high-level processing (as reflected in 
the P3-complex). Crucially, as predicted, a congruency 
effect for human hands within the amplitudes of the late 
P3 component was present for the control group, but 
diminished for the HFA group. In addition, this effect 
showed negative correlations with both social and 
sensory difficulties experienced by the HFA group in 
everyday life.  
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Biological attention differences in early somatosensory 
processing: SEP-results  
The SEP data of the current study showed that 
already at an early low-level stage of processing, adults 
with HFA showed an altered interplay of observed action-
based touch and felt touch, as compared to neurotypical 
controls (Allison, McCarthy, & Wood, 1992; Hilton et al., 
2010; Lundqvist, 2015). Former studies have related 
facilitation of the SEPs around 100 ms to attention 
demands in somatosensory processes within the primary 
somatosensory cortex (Allison et al., 1992; Deschrijver et 
al., 2015; Eimer & Driver, 2000; Eimer & Forster, 2003; 
Popovich & Staines, 2015; Schubert et al., 2008; Schubert, 
Blankenburg, Lemm, Villringer, & Curio, 2006). N140 SEP 
amplitudes are usually modulated by processes in the 
secondary somatosensory cortex, independently of 
attention (Allison et al., 1992; Popovich & Staines, 2015). 
The lacking animacy effect in the N100 of individuals with 
ASD thus suggests a failure to direct attention to human 
hands (Popovich & Staines, 2015), while attention-
independent somatosensory animacy processing in the 
N140 was well preserved. This interpretation fits well 
within current views on ASD that highlight difficulties to 
direct attention to biological stimuli (Annaz, Campbell, 
Coleman, Milne, & Swettenham, 2012; Chevallier, Kohls, 
Troiani, Brodkin, & Schultz, 2012; Jones & Klin, 2013). Our 
HFA group seems able to compensate for this within 
somewhat later somatosensory processes (N140). 
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Compromised higher-order self-related processes: P3 
results 
In the current study, we found that adults with 
HFA have deficits in signaling simulated action-based 
touch that does not match felt own touch, as reflected in a 
reduced P3. This suggests that they might experience 
difficulties in distinguishing the self from other based on 
action-based touch processes. In our social world, 
individuals with HFA might thus not only experience a 
distorted sense of self but also an inaccurate sense of 
others (Lombardo & Baron-Cohen, 2011; Lombardo et al., 
2010; Paladino et al., 2010). While this ability is 
considered extremely crucial for social understanding, it 
might not surprise that the late P3-effect was reliably 
correlated with social impairments in the HFA group (see 
also further). 
Interestingly, our findings link two lines of 
research that have recently attested self-other distinction 
deficits in ASD. First, studies have demonstrated that 
effects of the rubber hand illusion (Tsakiris & Haggard, 
2005) vary behaviorally along the non-clinical and clinical 
autism spectrum (Cascio, Foss-Feig, Burnette, Heacock, & 
Cosby, 2012; Palmer, Paton, Hohwy, & Enticott, 2013; 
Paton, Hohwy, & Enticott, 2012). These findings hint 
towards compromised self-other distinction mechanisms 
centered on passive touch processes. In addition, the 
current results relate to studies that suggested difficulties 
of individuals with ASD in distinguishing the self from 
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others on a motor level (Bird et al., 2007; Sowden et al., 
2015; Spengler et al., 2010), though these results are 
somewhat contested by other findings (Gowen, Stanley, & 
Miall, 2008; Grecucci et al., 2013; Press, Richardson, & 
Bird, 2010; Sowden et al., 2015; see also chapter 2). 
 
Exploring the relationship between the P3 effect and 
sensory difficulties in ASD. 
More and more theoreticians suggest that the 
autistic cognitive system is hypersensitive for incoming 
sensory information (e.g. Palmer et al., 2015, 2013; 
Pellicano & Burr, 2012; van Boxtel & Lu, 2013; Van De 
Cruys et al., 2014), while social difficulties of individuals 
might arise as a consequence of this (Van De Cruys et al., 
2014). Conform our final, more exploratory hypothesis, 
we showed that sensory as well as social difficulties of 
individuals with HFA showed an inverse relationship with 
the strength of the late P3-effect. This suggests that the 
individuals in the HFA group who reported the most 
severe hypersensitivity/avoidance and social difficulties, 
showed the weakest interaction effect in the late P3 
(suggesting more severely compromised self-other 
distinction abilities). While experimental research is 
needed to explore the causal directionality within the 
observed relationships, we can for now only speculate 
about their functional meaning. However, it is interesting 
to note that P3 components have been associated to 
sensory unexpectedness (e.g. Escera, Yago, Corral, 
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Corbera, & Nuñez, 2003; Friedman, Cycowicz, & Gaeta, 
2001). Therefore, we think that the uncertainty 
accompanying simulated touch information might 
interfere with the ability to adequately distinguish 
simulated from own somatosensory information, leading 
to social difficulties. As such, compromised self-other 
distinction abilities centered on touch might denote a 
crucial theoretical link between sensory and social 
impairments in the autism spectrum.  
 
Conclusions 
 
In the current study, we investigated whether 
adults with HFA show difficulties in matching experienced 
and simulated action-based touch. We showed altered 
processing in the HFA group at an early stage of 
somatosensory processing (N100) and to a late stage of 
higher-order self-other distinction (early and late P3). At 
low-level somatosensory stages, individuals with HFA did 
not direct somatosensory attention to biological stimuli 
(as reflected in altered N100 SEP effects), while they 
might have compensated for this in attention-independent 
somatosensory processes (intact N140 effects; Popovich & 
Staines, 2015). At high-levels stages of self-related 
processing, individuals with HFA were less able to signal 
observed action-based touch that does not match one’s 
own sensation of touch (reflected in an altered P3 
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interaction effect). This effect reliably correlated to 
sensory and social difficulties of individuals with HFA. In 
sum, the results contain the first demonstration of an 
atypical interplay of action-based touch simulation and 
actual experience of touch in adults with HFA, while 
showing a functional relationship with both social and 
sensory idiosyncrasies related to ASD. 
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GENERAL DISCUSSION 
 
Automatic imitation has been the focus of many 
social cognitive studies of autism spectrum disorder (ASD; 
for a review see Hamilton, 2013). Indeed, ASD has been 
related to imitation deficits as well as to strong imitative 
response tendencies (e.g. echopraxia, echolalia, Lord et al., 
2000; Spengler et al., 2010). Such ‘hyperimitation’ has 
been demonstrated empirically by increased motor 
interference effects in so-called automatic imitation tasks 
such as the imitation inhibition task (Brass, Bekkering, 
Wohlschläger, & Prinz, 2000). Consequently, it was argued 
that individuals with ASD may lack self-other distinction 
abilities centered on motor processes, which are needed 
to delineate the externally triggered motor representation 
from the intended movement (Brass, Derrfuss, & Von 
Cramon, 2005; Brass, Ruby, & Spengler, 2009; 
Santiesteban et al., 2012; Spengler et al., 2010).  The 
increased motor interference effect in ASD is 
conceptualized by this theory as a reflection of diminished 
high-level control over own and others’ represented 
motor representations (Brass et al., 2005; Hamilton, 2013; 
Southgate & Hamilton, 2008; Spengler et al., 2010; 
Spengler, Von Cramon, & Brass, 2009). Yet direct 
empirical evidence for diminished brain activity of 
individuals with ASD in automatic imitation paradigms 
does not exist. 
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In the current Ph.D. thesis, we examined two types 
of self-other distinction in the autism spectrum by means 
of EEG. Because we were particularly interested in novel 
sensory perspectives on ASD symptomatology (e.g. 
Donohue et al., 2012; Iarocci & McDonald, 2006; Marco et 
al., 2011; Pellicano & Burr, 2012; van Boxtel & Lu, 2013; 
Van De Cruys et al., 2014), we did not only focus on self-
other distinction centered on action (Brass et al., 2000, 
2005; Santiesteban et al., 2012; Sowden, Koehne, Catmur, 
Dziobek, & Bird, 2015; Spengler et al., 2010) but also on 
self-other distinction centered on the tactile consequences 
of action (i.e. action-based touch). We used the imitation 
inhibition task (Brass et al., 2000) to investigate self-other 
distinction centered on motor processes and developed 
the novel action-based somatosensory congruency 
paradigm to assess self-other distinction centered on 
action-based touch processes. For each type of self-other 
distinction, we outlined one study that tried to 
disentangle low-level processes from high-level self-other 
distinction in the healthy brain (i.e. in neurotypical 
individuals), followed by one study that assesses whether 
these processes are preserved in individuals with ASD (as 
compared to a matched control group). We primarily 
aimed to gain insights in the integrity of high-level 
mechanisms of self-other distinction centered on motor 
and action-based touch processes in ASD. 
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An EEG-approach to assess high-level self-
other distinction centered on motor and action-based 
touch processes in ASD 
 
In a first study, outlined in the first chapter, we 
combined the imitation inhibition task (Brass et al., 2000, 
2005) and electro-encephalography (EEG) in a group of 
neurotypical individuals. We aimed to disentangle high-
level social cognitive processes from low-level visual and 
motor preparation processes causing motor interference 
in the imitation-inhibition task. We reasoned that an 
influence of action intentions on perception could lead to 
congruency effects in visual event-related potential (ERP) 
components, whereas an influence of observed actions on 
own action preparation should impact ERP components 
related to motor preparation, which appear right before 
movement execution. Finally, we hypothesized that high-
level self-other distinction processes should lead to 
congruency effects in late parietal central processing 
stages in the EEG. We focused on three functionally 
distinct ERP components that could index the three 
potential sources of the interference effect, namely the 
visual N190 indexing the influence of action on perception 
(Arzy, Thut, Mohr, Michel, & Blanke, 2006; Myers & 
Sowden, 2008; Thierry et al., 2006), the motor-related 
readiness potential (RP) indexing the influence of 
perception on action (Leuthold & Schröter, 2011; Rigoni, 
Brass, Roger, Vidal, & Sartori, 2013) and the P3 
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component indexing conflict resolution (Graux et al., 
2013; Kühn et al., 2011; Sebanz, Knoblich, Prinz, & 
Wascher, 2006). We detected congruency effects in all of 
these ERP components, suggesting that all 
aforementioned processes play a role in the imitation 
inhibition task. To our knowledge this was the first piece 
of evidence showing that different sources contribute to 
interference effects in the imitation inhibition task.  
In the second study, outlined in the second 
chapter, we aimed to disentangle the three 
aforementioned neural processes by means of EEG in a 
group of adults with high-functioning autism (HFA) and 
matched neurotypical adults. While there has been a lot of 
speculation regarding potential impairments in the 
inhibition of imitative behavior in ASD (Brass et al., 2009; 
Hamilton, 2013; Southgate & Hamilton, 2008; Sowden et 
al., 2015; Spengler et al., 2010, 2009), this is the first study 
that actually tested the imitation inhibition task in ASD 
using a neuroimaging technique. We used EEG to 
disentangle low-level perceptual and motor from high-
level social processes, and focused once more on the 
N190, the RP and the P3 components. On the behavioral 
level, the HFA group showed signs of an increased motor 
interference effect for reaction times, though this effect 
did not reach full significance in the group restricted on 
the basis of the ADOS scores (p = 0.08). On the 
neurophysiological level we found a similar congruency-
related P3 in the HFA and control group, surprisingly 
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indicating no deficit in the neural marker of self-other 
distinction in the imitation-inhibition task in HFA. 
Interestingly, however, we found that the HFA group 
differed from the control group in the amplitude of the RP. 
As such, the results suggested that differences within 
automatic imitation paradigms in ASD populations might 
act on the level of motor preparation, rather than at high-
level social cognitive levels (Spengler et al., 2010). 
In the third study, outlined in the third chapter, 
we developed a paradigm to investigate the interaction of 
felt touch and observed action-based touch (the action-
based somatosensory congruency paradigm) and tested it 
in neurotypical adults (Deschrijver et al., 2015). We aimed 
to disentangle potential low-level cognitive processes 
from high-level mechanisms of self-other distinction 
centered on action-based touch in the healthy brain. Once 
more, we relied on EEG to identify at which processing 
level(s) observed action-based touch interacts with felt 
touch (i.e. a congruency effect for human hands only), as a 
reflection of self-other distinction centered on touch 
processes. In this paradigm, picture sequences of human 
and wooden hands making tapping movements with the 
index or middle finger are visually presented, while 
simultaneously applying a ‘tap-like’ tactile stimulation to 
the corresponding or non-corresponding finger of the 
participant. Using EEG, we observed effects both at early 
low-level stages of somatosensory processing (sensory 
evoked potentials; SEPs P50, N100 and N140, see also 
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(Longo, Musil, & Haggard, 2012; Popovich & Staines, 
2015; Streltsova & McCleery, 2014) as well as high-level 
stages of processing (P3-complex comprising an early 
centroparietal P3-component and a later more posterior 
parietal P3 component, e.g. Verleger, Jaśkowski, & 
Wascher, 2005). The findings revealed that participants 
processed a tactile stimulus differently depending on 
whether the sensation matched or mismatched an 
observed human hand tapping. As predicted, we observed 
a congruency effect for human hands only in the P3-
complex, suggesting that the neurotypical human brain 
signaled simulated action-based touch that did not match 
felt touch at high-levels of processing. Since previous 
research associated the P3-component with self-related 
processes (Holeckova, Fischer, Giard, Delpuech, & Morlet, 
2006; Knyazev, 2013; Perrin et al., 2005), we reasoned 
that the observed P3-effect might reflect self-other 
distinction centered on touch processes. The study may 
provide the first strand of evidence for high-level self-
other distinction processes based on action-based touch 
in the human brain. 
In the fourth study, outlined in the fourth chapter, 
we reasoned that self-other distinction mechanisms 
centered on action-based touch might be affected in 
individuals with ASD. As described before, of all senses 
affected in ASD, altered processing of tactile information 
is the strongest mediator of the social symptoms’ severity 
(next to olfaction; Hilton et al., 2010; Lundqvist, 2015).  In 
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the final chapter, we therefore aimed to investigate by 
means of EEG whether or not potential low-level and 
high-level processes underlying self-other distinction 
centered on action-based touch are impaired in a group of 
adults with high functioning autism (HFA), while 
comparing their EEG responses to those of a matched 
neurotypical control group. In accordance with chapter 
three, we focused on P50, N100 and N140 SEPs as indices 
for somatosensory processes and on the P3 as an index 
for high-level social cognitive processes such as self-other 
distinction. The HFA group showed altered neural 
processing of the stimuli at early stages of own 
somatosensory processing (animacy effect within the 
N100 SEP) and at late stages of more high-level 
processing (as reflected in the P3-complex). Crucially, as 
predicted, a congruency effect for human hands within the 
amplitudes of the late P3 component was present for the 
control group and diminished for the HFA group. In 
addition, this effect showed negative correlations with 
both social and sensory difficulties experienced by the 
HFA group in everyday life. These results provide the first 
demonstration of an atypical interplay of action-based 
touch simulation and actual experience of touch in adults 
with HFA, while showing a functional relationship with 
both social and sensory idiosyncrasies related to the 
autism spectrum.   
In sum, the current results suggest that high-level 
self-other distinction, as indexed by congruency effects 
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within the P3 may be impaired in individuals with ASD 
when centered on action-based touch processes, but not 
when centered on motor processes. Moreover, individuals 
with HFA showed attention-related difficulties within 
low-level somatosensory ERP components in the action-
based somatosensory congruency paradigm (Deschrijver, 
Wiersema, & Brass, 2015), and problems within motor 
preparation processes in the imitation inhibition 
paradigm (Brass et al., 2000, 2005). 
 
Could impaired self-other distinction centered on 
action-based touch in ASD explain mixed findings in 
the motor imitation domain? 
 
Overall, the main finding of the current Ph.D. 
thesis was that high-level self-other distinction 
mechanisms might be affected in individuals with ASD 
when centered on action-based touch, but not when 
centered on motor processes. Indeed, in two studies with 
the same group of adults with HFA, we observed that the 
P3 effect, which likely reflects high-level social cognitive 
processes (Deschrijver et al., 2015; Graux et al., 2013; 
Knyazev, 2013; Perrin et al., 2005), was diminished for 
the HFA group in the action-based touch congruency 
paradigm (results of chapter 4), but not in the imitation 
inhibition paradigm (results of chapter 2).  
Nonetheless, in the study assessing self-other 
distinction centered on motor processes in ASD (chapter 
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2) we found signs of an increased motor interference 
effect in the reaction times of individuals with HFA. 
Earlier studies on self-other distinction mechanisms 
centered on motor processes in ASD had theorized that an 
increased motor interference effect should reflect 
diminished abilities of high-level self-other distinction 
centered on motor processes (Bird, Leighton, Press, & 
Heyes, 2007; Gowen, Stanley, & Miall, 2008; Grecucci et 
al., 2013; Press, Richardson, & Bird, 2010; Sowden et al., 
2015; Spengler et al., 2010). If this had been the case in 
our study, we would have found increasing motor 
interference effects following decreasing P3 effects in the 
imitation inhibition task for individuals with ASD (Bird et 
al., 2007; Sowden et al., 2015; Spengler et al., 2010) at 
least on an individual level. For the purposes of this 
general discussion, we performed additional correlational 
analyses on the P3-effect in the imitation inhibition task 
and the motor interference effect in the HFA group 
(restricted on the basis of the ADOS scores, n = 17, see 
chapter 2 and 4). These yielded insignificant results (r = -
0.23, p = 0.33). In other words, increased behavioral 
motor interference effects in HFA were probably not 
related to smaller P3 congruency effects within the 
imitation inhibition paradigm on an individual level, 
though one should of course be careful with interpreting a 
null finding. Altered effects for individuals with HFA on 
the motor preparation level (as reflected in the readiness 
potential, see chapter 2) did not account for increased 
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motor interference effects in the reaction times either 
(see correlational analyses of chapter 2). Thus, on the 
basis of other EEG-data in the imitation inhibition task in 
chapter 2, we were not able to explain increasing motor 
interference effects in the HFA group.  
In principle however, impairments in 
distinguishing between the self and others on the basis of 
action-based touch and own touch might also explain 
increased motor interference effect in the imitation 
inhibition task (Bird et al., 2007; Sowden et al., 2015; 
Spengler et al., 2010). Indeed, fMRI studies have shown 
that action observations elicit activity in the 
somatosensory cortices of the observer, even if the 
observed actions do not comprise a clear somatosensory 
component (Gazzola & Keysers, 2009; Keysers et al., 2004; 
Keysers, Kaas, & Gazzola, 2010). This suggests that the 
tactile consequences of any observed action are 
represented in the brain of the observer, and they might 
therefore be compared continually with representations 
of touch accompanying own actions. If self-other 
distinction centered on action-based touch is diminished 
in individuals with ASD, the influence of the tactile 
consequences of observed actions on own actions may 
magnify, and may thus lead to an increased motor 
interference effect. If this were the case, one would expect 
that smaller congruency effects within the P3 of the 
action-based somatosensory congruency paradigm in 
individuals with HFA would accompany increased motor 
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interference effects in the imitation inhibition task (i.e. a 
larger congruency difference in the reaction times).  
Conveniently, we were able to correlate the 
behavioral motor interference effect with the P3-effect in 
the action-based somatosensory congruency paradigm 
since the two studies investigating self-other distinction 
in ASD were conducted in the same group of adults with 
HFA. We computed the congruency difference in the 
reaction times (I-C) of the imitation inhibition paradigm 
and the congruency difference (C-I) within the (late) P3 of 
the action-based somatosensory congruency paradigm in 
the HFA group. The correlational analyses showed a 
strong and significant negative correlation in the HFA 
group (r = -0.50, p < 0.05; see figure 1A; in the group 
restricted on the basis of the ADOS-scores; see participant 
characteristics of chapter 2 and 4), suggesting that the 
two are indeed functionally related to one another in the 
autism spectrum. More specifically, individuals with HFA 
that showed less high-level self-other distinction abilities 
on the basis of action-based touch (as reflected in 
diminished P3 effects) were more strongly 
‘hyperimitating’ the observed hand actions when 
executing hand actions themselves (as reflected in 
increased motor interference effects). Additionally, we 
could show that this correlational effect was driven by a 
relationship between the P3 congruency effect and the 
facilitation effect within the motor interference effect (the 
difference between the reaction times of baseline and 
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congruent trials: C-B: r = -0.70, p < 0.005; see figure 1B) 
and not by the interference effect (the difference between 
the reaction times of baseline and incongruent trials: B-I: r 
= 0.22, p = 0.39). This is interesting, because we had 
already shown in chapter 2 that the severity of autistic 
traits (as measured by autism questionnaires) was related 
to the motor interference effect within the reaction times, 
and also specifically explained the facilitation effect (B-C) 
and not the interference effect (I-B) in individuals with 
HFA (see correlational analyses of chapter 2). As such, it 
may be the case that a disturbed sense of self-other 
distinction centered on action-based touch within ASD is 
related to hyperimitation of the congruent trials in the 
imitation inhibition task. 
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The preliminary analyses above seem to suggest 
that increased behavioral motor interference effects 
within the autism spectrum (Bird et al., 2007; Sowden et 
al., 2015; Spengler et al., 2010) are related to self-other 
distinction difficulties centered on the somatosensory 
consequences of the observed actions, rather than to self-
other distinction centered on the motor aspects thereof. 
These findings may have far-reaching implications for the 
field of imitation studies in ASD (Hamilton, 2013), 
because they suggest that to understand social difficulties 
in ASD, the somatosensory aspects of observed motor 
actions might be more crucial to investigate than its 
motor aspects. Moreover, the current view on ASD might 
also explain existing contradictory findings within the 
motor imitation field, where some (Bird et al., 2007; 
Sowden et al., 2015; Spengler et al., 2010) but not all 
(Gowen, Stanley, & Miall, 2008; Grecucci et al., 2013; 
Press, Richardson, & Bird, 2010; Sowden et al., 2015) 
behavioral studies have reported increased motor 
interference effects in ASD populations. Indeed, it could be 
the case that studies in which the somatosensory aspects 
of the observed action were more pronounced, or given 
more attention to by the participating individuals, were 
more likely to yield hyperimitation effects. Future 
research is warranted to investigate these lines of 
thinking. 
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Impaired self-other distinction centered on action-
based touch processes within a broader perspective 
on sensory dysfunction in ASD 
 
Ever since autism was identified as a 
developmental disorder, sensory processing 
abnormalities have frequently been observed in daily and 
clinical settings (Lord et al., 2000). Independent of 
intellectual capacities, people with ASD tend to show 
hypo- or hypersensitivities to sensory information (such 
as pain, light, touch, and noise) and sensory self-
stimulating behavior is often noted as well (e.g. hand 
flapping, attraction to spinning objects, roaring, or hand 
mannerisms). Indeed, over 90 percent of parents of young 
children with autism report the presence of sensory 
problems of some sort in their children (Lane, Young, 
Baker, & Angley, 2010; Lane, Reynolds, & Dumenci, 2010). 
Moreover, sensory sensitivities show a strong relationship 
with non-clinical autistic traits in the general population 
(Robertson & Simmons, 2013), that is, neurotypical 
individuals who experience stronger sensory sensitivities 
generally show more ASD-like behavior. Only recently 
however, sensory difficulties in ASD were formalized 
within the diagnosis of ASD, formally described in the 
DSM-5 (American Psychiatric Association, 2013), where 
they are situated amidst symptoms of restricted, 
repetitive patterns of behavior, interests, or activities.  
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In an attempt to understand these sensory 
difficulties in ASD, more and more theorists are gaining 
interest in sensory perspectives on the neural basis and 
general symptomatology of ASD (e.g. Baum, Stevenson, & 
Wallace, 2015; Brock, Brown, Boucher, & Rippon, 2002; 
Lawson, Rees, & Friston, 2014; Pellicano & Burr, 2012; 
Quattrocki & Friston, 2014; van Boxtel & Lu, 2013; Van De 
Cruys et al., 2014). Though these theoretical accounts 
differ computationally, most of theoretical advances share 
the assumption that individuals with ASD might 
experience a stronger sensitivity to the variability or 
uncertainty that is naturally inherent to sensory 
information that enters the cognitive system (e.g. Lawson 
et al., 2014; Pellicano & Burr, 2012; van Boxtel & Lu, 2013; 
Van De Cruys et al., 2014). This may in effect lead to an 
increased reliance on bottom-up (i.e. sensory) 
information relative to prior knowledge and, 
consequently, frequent feelings of sensory overload 
(Pellicano & Burr, 2012). In other words, it was argued 
that individuals with ASD might find sensory input less 
tolerable, especially in situations where the sensory 
variability is naturally high (Van De Cruys et al., 2014). 
These so-called ‘predictive coding’ accounts of ASD also 
relate to other models of sensory dysfunction in ASD, 
though the explanatory scope of the former is generally 
broader. The Enhanced Perceptual Functioning model of 
ASD, for instance, assumes the existence of enhanced feed 
forward connections from brain regions typically involved 
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in primary perceptual functions (Mottron et al., 2013; 
Mottron, Burack, Dawson, Soulières, & Hubert, 2001; 
Mottron, Dawson, Soulières, Hubert, & Burack, 2006). The 
‘Intense World Theory’ of autism, on the other hand, 
advocates a view where individuals with ASD perceive 
sensory input as more ‘painfully intense’ than 
neurotypical adults do (Markram, Rinaldi, & Markram, 
2007; Markram & Markram, 2010). Thus, predictive 
coding accounts of ASD elaborated on an already nascent 
line of research that put sensory problems at the core of 
ASD symptomatology. 
Crucially however, any unifying theory of ASD 
should be able explain the social-cognitive symptoms of 
the autism spectrum as satisfactorily as sensory ones (see 
Pellicano & Burr, 2012; Van De Cruys et al., 2014 for 
similar remarks). With respect to social difficulties in ASD, 
sensory predictive perspectives have mostly stressed the 
fact that social situations are very uncertain in terms of 
sensory input, and might therefore be especially difficult 
for individuals with ASD to handle. In other words, they 
have wondered whether social may just be a synonym of 
complex (Van De Cruys et al., 2014; see also Markram et 
al., 2007; Markram & Markram, 2010; Simmons et al., 
2009). Undeniably, an inability to deal with sensory 
uncertainty could readily explain some of the autistic 
social difficulties in everyday life situations. As an 
example, in one-on-one interactions, individuals with ASD 
could benefit from directing the eye gaze away or, in 
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contrast, staring towards the eyes of this person (Lord et 
al., 2000) in order to minimize the rapidly changing eye 
and mouth movements of the interaction partner. 
However, social cognitive mechanisms encompass more 
than mere perceptual processes, as shown by the 
comprehensive neuroscientific field of social cognition 
(e.g. Rizzolatti & Craighero, 2004; Saxe & Kanwisher, 
2003; Saxe & Wexler, 2005), though perceptual processes 
are often an important part of it (Keysers et al., 2004, 
2010).  
One other way to understand the relationship 
between sensory dysfunction and social difficulties within 
the autism spectrum, which aligns more closely with the 
current findings, might therefore exist in appreciating the 
role of touch processes specifically (Keysers et al., 2004, 
2010). Indeed, as noted many times before in this Ph.D. 
thesis, touch processes seem to have a particular function 
for social cognitive abilities. Notably, when engaging in a 
social interaction, we use our visual system to see what 
the other person sees, and our auditory system to hear 
what the other person hears. Moreover, we constantly 
engage our somatosensory systems when we observe 
another person acting to ‘feel’ what the other person feels 
(action-based touch simulation; Gazzola & Keysers, 2009; 
Gillmeister, 2014; Keysers et al., 2004, 2010). Importantly, 
in sharp contrast with audition and sight, the simulated 
touch experiences of the other individual do not readily 
correspond to one’s own touch at any given time. In this 
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sense alone, the touch might yield a more important basis 
for social cognitive mechanism of self-other distinction 
than for instance sight or audition. Indeed, we even seem 
to continually monitor the extent of this correspondence 
between own touch and simulated (action-based) touch 
(Botvinick & Cohen, 1998; Deschrijver et al., 2015; Ebisch 
et al., 2008; Tsakiris, Costantini, & Haggard, 2008; Tsakiris 
& Haggard, 2005a). In addition, it is noteworthy that 
tactile sensations accompanying our own actions are 
100% contingent to these actions. That is, if intact, the 
sense of touch will always yield accurate sensory 
information about a current action: if I grasp an object I 
will always haptically feel myself doing this. This again 
stands in contrast with visual or auditory sensations 
accompanying own actions: If I close my eyes and block 
my ears while performing an action, I will neither visually 
nor auditory perceive myself doing this. Touch is the only 
modality (except for other proximal senses such as 
proprioception) that always provides sensory information 
about one’s actions, which is in addition 100% private. 
Consequently, touch information might be of paramount 
importance for identifying whether an observed action is 
our own or not, more so than information coming from 
other senses. If one sees someone else performing a 
grasping action for instance, this action may look or sound 
like what could be an own action. However, the simulated 
consequences of the observed action will never fully 
correspond to the continuous tactile (and proprioceptive) 
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experiences accompanying one’s own actions at that 
moment. Therefore, one can conclude with relative 
certainty that the observed action is not one’s own. In 
contrast, when the simulated somatosensory 
consequences of an observed grasping action do fully 
correspond to one’s own present tactile (and 
proprioceptive) sensations, the observed action is indeed 
with great certainty one’s own. 
Because of this specific importance of an intact 
sense of touch for self-other distinction abilites, it is 
reasonable to assume that sensory deficits inherent to the 
autism spectrum will affect self-other distinction centered 
on (action-based) touch in particular. Findings of studies 
relating self-reported sensory difficulties to self-reported 
social difficulties hint upon this interpretation too: Of all 
modalities in ASD, self-reported sensitivities to touch 
indeed correlate most strongly with self-reported social 
difficulties (Hilton et al., 2010; Lundqvist, 2015). Besides 
that, recent research has shown clear functional 
connectivity abnormalities in the primary and secondary 
somatosensory cortices of individuals with ASD (Khan et 
al., 2015). Furthermore, we believe that the sensory 
theories of ASD might yield some insights in the functional 
mechanism behind the difficulties with self-other 
distinction centered on action-based touch: Indeed, 
naturally occuring sensory variability (Lawson et al., 
2014; Pellicano & Burr, 2012; van Boxtel & Lu, 2013; Van 
De Cruys et al., 2014) or intensity (Markram, Rinaldi, & 
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Markram, 2007; Markram & Markram, 2010) in touch 
representations that is disproportionately accounted for 
might complicate the ability to evaluate the 
correspondence between own touch and simulated touch 
(necessary to distinguish one’s self from an observed 
other) in ASD. This might in our opinion also explain why 
various studies have reported a stronger reliance on 
proprioceptive information of individuals with ASD 
(Cascio, Foss-Feig, Burnette, Heacock, & Cosby, 2012; 
Haswell, Izawa, Dowell, Mostofsky, & Shadmehr, 2009; 
Morris et al., 2015; Paton, Hohwy, & Enticott, 2012): if 
self-other distinction centered on touch processes is 
affected in ASD, the next best (proximal) sense to rely on 
might be one’s own proprioception. In figure 2 on the left, 
we illustrate how own touch representations (‘self’) and 
simulated (action-based) touch representations (‘other’) 
might be relatively easily delineated on higher levels of 
processing when the touch is perceived as invariable and 
highly consistent (as one could assume is the case in the 
healthy human brain). When, in contrast, touch is 
perceived as highly variable, uncertain or intense (as 
symbolized by the gradient; Lawson et al., 2014; Markram 
et al., 2007; Markram & Markram, 2010; Pellicano & Burr, 
2012; van Boxtel & Lu, 2013; Van De Cruys et al., 2014), 
overlap between own touch and simulated (action-based) 
touch might be perceived as greater and disentangling 
both sources of tactile information might become more 
difficult (see figure 2 on the right).  
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In sum, we believe that a general sensitivity to 
sensory variability in the autism spectrum could lead to 
unwarranted difficulties in disentangling self and other, 
which might have detrimental effects on social cognition 
(Spengler et al., 2010, 2009).  
 
Altered touch comparison processes in ASD:  
Impaired sense of self or impaired sense of others? 
 
“When I held his head in the yoke, I imagined placing my 
hands on his forehead and under his chin and gently easing 
him into position. Body boundaries seemed to disappear, 
and I had no awareness of pushing the levers. The rear 
pusher gate and head yoke became an extension of my 
hands.”   
Temple Grandin on body boundary issues while operating 
a shute for cattle  
(Grandin, 1995; 2006; p. 25) 
 
In the current Ph.D. thesis, we showed that 
continuously monitoring the correspondence between felt 
touch and observed (action-based touch) may aid in the 
social cognitive ability of distinguishing the self from 
others (chapters 3 and 4), which might be affected in 
individuals with HFA. Interestingly however, studies 
investigating the bodily sense of self on a neural level 
have argued that monitoring the correspondence between 
felt touch and observed touch might specifically help us to 
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identify the borders of our own body (Blanke, 2012; 
Tsakiris, 2008). In other words, detecting visuotactile 
contingencies seems crucial to the –in principle non-
social– ability of identifying whether or not an observed 
human-like object is part of one’s own body: when 
observed touch is compatible with felt touch it is likely 
that the observed object is part of one’s own body, 
whereas this is not the case for incompatible touch 
experiences (Rochat, 1998; Tsakiris, 2010). Consequently, 
(neurotypical) individuals can report a sense of 
ownership over a rubber hand when observations of 
touch applied to this hand are combined with 
synchronous touch applied to one’s own hand (Botvinick 
& Cohen, 1998; Tsakiris & Haggard, 2005b).  
Though we did not assess the experienced sense 
of ownership over the observed hand in our experiments, 
our action-based somatosensory congruency paradigm 
shows an obvious resemblance with the rubber hand 
illusion methodologically. Furthermore, smaller P3 
amplitudes for incongruent than for congruent trials have 
also been reported in rubber hand illusion paradigm 
(Longo, Musil, & Haggard, 2012), similar to the P3 findings 
in our action-based somatosensory congruency paradigm 
(see chapter 3). Yet, our paradigm is different from the 
rubber hand illusion regarding the fact that the observed 
hand is active, and thus very likely not one’s own. For 
now, it is unclear to which extent the mechanisms 
underlying self-other distinction centered on (action-
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based) touch are related (or identical) to mechanisms 
delineating the borders of one’s own body. Interestingly 
though, a recent study has suggested that similar 
processes may underlie both mechanisms. In this study, 
Paladino and colleagues (2010) presented tactile 
sensations to the face of participants, while they observed 
a stranger’s face experience receiving synchronous or 
asynchronous tactile sensations. Much like the effects in 
the rubber hand illusion paradigm, participants felt the 
stranger to be closer and physically more similar to them 
after they observed the face of this person receiving 
synchronous tactile stimulations, as compared to when 
the tactile sensations were asynchronous. They also 
experienced more positive affective reactions and 
conformity toward the other after the synchronous tactile 
sensations, signifying that the tactile sensation did not 
only blur self-other boundaries on the bodily level (see 
also Tsakiris, 2008), but also on the conceptual level (i.e. 
traits, inner states, …). This suggests that the bodily sense 
of self and social cognitive self-other distinction/merging 
might be conceptually related in the healthy brain.  
Consequent to our findings of impaired self-other 
distinction centered on touch processes in ASD, one might 
expect that individuals with ASD may also have difficulties 
in defining the borders of their own body. This is in fact 
what studies of the rubber hand illusion paradigm in ASD 
have provided preliminary evidence for (Cascio et al., 
2012; Greenfield, Ropar, Smith, Carey, & Newport, 2015; 
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Palmer et al., 2015; Palmer, Paton, Hohwy, & Enticott, 
2013; Paton et al., 2012). Children with ASD show less 
susceptibility to the illusion initially, and rely more on 
their own proprioception throughout the task (Cascio et 
al., 2012). Moreover, adults with ASD show a stronger 
reliance on their own proprioception than healthy control 
participants in the paradigm (Palmer et al., 2015, 2013; 
Paton et al., 2012), possibly due to atypical temporal 
binding processes (Greenfield et al., 2015). This suggests 
that, in order to determine the borders of their body, 
individuals with ASD might not monitor the 
correspondence between felt touch and observed touch as 
effectively as neurotypical controls do. Experiences of 
lacking body boundaries in ASD have been described 
anecdotally as well (e.g. see the quote of Temple Grandin 
above). Generally speaking, individuals with ASD may 
experience a bodily sense of self that is distinct from that 
of typically developing individuals. It might therefore be 
worthwhile to investigate what the exact relationship is 
between the non-social bodily sense of self and the more 
social mechanism of self-other distinction centered on 
action-based touch, in healthy and clinical populations.  
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Two types of self-other distinction:  
One common neural mechanism? 
 
In the current Ph.D. thesis, we used EEG as a 
neuroimaging technique in all our experiments. As such, 
we cannot discern with certainty which specific brain 
areas underlie the observed effects. Event-related 
potentials provide mainly information about the timing of 
neural processes and to some degree about the location of 
an effect. If one identifies an early visual at occipital brain 
topographies (e.g. the N190) or an early somatosensory 
component at temporal brain topographies (e.g. the 
N140), it is quite reasonable to assume that it reflects 
basic perceptual processes at visual and somatosensory 
brain areas respectively. The same goes for the Laplacian 
readiness potential, which has shown strong links with 
the motor-related supplementary motor area (SMA) in 
earlier research (Rigoni et al., 2013; Schröter & Leuthold, 
2009; Shibasaki & Hallett, 2006; Tandonnet, Burle, 
Hasbroucq, & Vidal, 2005; Vidal, Grapperon, Bonnet, & 
Hasbroucq, 2003). However, a late parietal component 
such as the P3 is more difficult to localize neurally (Blanke 
et al., 2005; Bledowski et al., 2004; Longo et al., 2012; 
Mulert et al., 2004; Verleger, 2008). One consequence of 
this is that we cannot know whether the P3 effects 
observed in the 2 distinct paradigms of this Ph.D. thesis 
share their neural generators. On the basis of our studies 
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we therefore cannot determine whether they are driven 
by a common underlying functional mechanism.  
Imaging studies investigating tasks that combine 
own and observed motor actions and own and observed 
touch might be informative to speculate on the potential 
neural source(s) of the P3 effects. As described earlier, 
most fMRI studies focusing on the imitation inhibition 
task have focused attention on high-level brain areas 
known to engage in self versus other representation and 
theory of mind (Moriguchi et al., 2006; Saxe & Kanwisher, 
2003; Saxe & Wexler, 2005; Wagner, Haxby, & Heatherton, 
2012), such as the temporoparietal junction (TPJ) and the 
medial prefrontal cortex (mPFC; Brass et al., 2005; Brass, 
Zysset, & von Cramon, 2001; Spengler et al., 2010). In 
addition, our own first study (see chapter 1) suggested 
that the visual extrastriate body area (EBA, though see 
chapter 2) and the motor-related SMA might be involved 
in the imitation inhibition paradigm too.  
Since the action-based somatosensory congruency 
paradigm is a novel paradigm (first described within this 
Ph.D. project and in Deschrijver et al., 2015), no fMRI 
studies have portrayed this task (yet). However, tasks that 
combine felt touch with passively applied observed touch, 
such as the rubber hand illusion paradigm (Botvinick & 
Cohen, 1998), show a certain resemblance with the 
action-based somatosensory congruency paradigm (as 
noted earlier). In these tasks, temporoparietal areas such 
as the TPJ have been reported as well (Blanke et al., 2005; 
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Blanke, Ortigue, Landis, & Seeck, 2002; Ionta et al., 2011b; 
Limanowski, Lutti, & Blankenburg, 2014; Papeo, Longo, 
Feurra, & Haggard, 2010; Tsakiris et al., 2008; Tsakiris, 
2010), next to the premotor cortex (PMC; Ehrsson, 
Holmes, & Passingham, 2005; Ehrsson, Spence, & 
Passingham, 2004; Petkova et al., 2011), the posterior 
parietal cortex (PPC), inferior parietal lobule (IPL) and 
intraparietal sulcus (IPS; Gentile, Petkova, & Ehrsson, 
2011; Kammers et al., 2008; Petkova et al., 2011; Shimada, 
Hiraki, & Oda, 2005; Tsakiris, 2010).  The EBA has shown 
a clear involvement in the experience of illusory body-
ownership as well (Arzy et al., 2006; Ionta et al., 2011a; 
Limanowski et al., 2014). One other fMRI study (Bien, 
Roebroeck, Goebel, & Sack, 2009) combined own hand 
actions (similar to the imitation inhibition task) with 
observations of a hand making congruent or incongruent 
finger tapping movements (similar to the action-based 
somatosensory congruency paradigm) and named the PPC 
and the PMC as underlying its effects.  
Overall, these imaging studies show a certain 
overlap in the neural areas they presented (e.g. TPJ, PMC, 
PPC, EBA,), suggesting that it is not entirely unlikely that 
the two types of self-other distinction are driven by a 
common underlying neural mechanism. Moreover, a 
recent review on the neurophysiology of the P3-complex 
(Huang, Chen, & Zhang, 2015) has implied that P3-
generation stems from an interaction between frontal 
lobe and temporal-parietal function (see also Blanke et al., 
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2005; Bledowski et al., 2004; Longo et al., 2012; Mulert et 
al., 2004; Verleger, 2008), consistent with the imaging 
observations in the aforementioned tasks. However, it 
may also be the case that regions involved in both types of 
self-other distinction show only partial overlap, which 
may explain why self-other distinction mechanisms did 
not seem fully affected in ASD (as reflected by a 
diminished P3 for individuals with HFA in chapter 4 but 
not in chapter 2). More research is unquestionably needed 
to fully understand the relationship between self-other 
distinction centered on touch processes and self-other 
distinction centered on motor processes, potentially 
combining EEG and fMRI measures.  
 
Limitations 
 
Neuroscientific research in clinical populations 
can be a challenging undertaking. Throughout the current 
work, we were confronted with some limitations specific 
to ASD research, as well as with certain limitations 
inherent to the scientific practice. 
For one, we noticed that a significant share of the 
participants with an official diagnosis of ASD did not score 
above the thresholds in the ADOS semi-structured 
interview. Though this is not entirely uncommon for 
individuals with high-functioning autism (e.g. Magnée, De 
Gelder, Van Engeland, & Kemner, 2008; Zwickel, White, 
Coniston, Senju, & Frith, 2011), which are assumed to use 
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their intelligence to overcome the challenges presented in 
the interview, we could in principle not confirm the 
clinical diagnosis of the disorder in these individuals. One 
practical way to avoid this limitation in future research 
endeavors might be to include a screening of the 
volunteers with ASD on the basis of the ADOS-interview 
before participation in the experiments is guaranteed. We 
were also confronted with a strong variability within the 
symptomatology of the participating individuals with 
HFA, with some of them displaying milder forms of ASD 
than others. In effect, this might have led to decreased 
statistical power in certain measures and thus to 
difficulties to identify existing group differences (e.g. 
within the reaction time motor interference effect in 
chapter 2). It might be useful for future ASD research to 
attract larger sample sizes, if achievable. Finally, to gain a 
fuller developmental perspective of self-other distinction 
abilities in ASD, the present line of research could benefit 
from extensions to other age groups with ASD or to 
populations with low-functioning autism. 
Some limitations with respect to general 
methodology were identified as well. As noted in the 
discussion of chapter 2, we did not include a non-social 
control condition in the imitation inhibition task, which 
would have allowed us to discard the possibility that the 
observed ERP-effects (e.g. within the RP) were evoked by 
non-social mechanisms. Though this interpretation is 
relatively unlikely (see discussion chapter 2 and Sowden 
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et al., 2015), it would be useful to include such a non-
social control condition in future research with the 
imitation inhibition task (e.g. conditions with wooden 
hand trials similar to our other research). In the studies of 
the action-based somatosensory paradigm on the other 
hand (chapters 3 and 4), we decided to focus our attention 
to the sensory evoked potentials P50, N100 and N140, as 
well as to the P3-complex. To gain further insights in the 
interaction of felt touch and observed action-based touch 
within the primary somatosensory cortex (Allison, 
McCarthy, & Wood, 1992), we could have opted to 
investigate sensory evoked potentials of earlier than 50 
ms. Within our studies however, SEPs earlier than 50ms 
after the tactile stimulation seemed highly variable and 
relatively unreliable. Moreover, it should be noted that 
earlier studies investigating SEP components this early in 
time usually present tactile stimulations to a nerve rather 
than to the skin (Bufalari, Aprile, Avenanti, Di Russo, & 
Aglioti, 2007; Cardini, Longo, Driver, & Haggard, 2012; 
Longo, Pernigo, & Haggard, 2011). In future studies, it 
might be useful to investigate these early SEP components 
making use of such types of tactile nerve stimulators. 
Additionally, we did not focus on interactions of felt touch 
and observed action-based touch within ERPs reflecting 
visual processing, such as the N190 (Arzy et al., 2006; 
Myers & Sowden, 2008; Thierry et al., 2006), which could 
have yielded broader insights in the sensory mechanisms 
acting within the action-based somatosensory paradigm.  
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Some side notes could be made on the functional 
interpretation of the P3 findings. In each of the 4 studies, 
we observed smaller P3 amplitudes for the human 
incongruent trials than for the human congruent trials 
(see chapter 1-4). While it is not exceptional to observe 
smaller P3’s for incongruent trials in social cognitive 
studies (e.g. Longo et al., 2012; Sebanz et al., 2006), this 
might strike as unusual for individuals familiar with ERP 
literature focusing on novelty and oddballs. Indeed, 
earlier research has shown that novel or sensory 
dissimilar stimuli generally elicit the largest P3 
component (e.g. Escera, Yago, Corral, Corbera, & Nuñez, 
2003; Friedman, Cycowicz, & Gaeta, 2001; Graux et al., 
2013; Volpe et al., 2007). Yet human incongruent trials 
are most dissimilar with one’s self one could say (whether 
it be with own felt touch or with own actions). For now, it 
remains unclear how P3 modulations observed in social 
cognitive tasks (Graux et al., 2013; Kourtis, Sebanz, & 
Knoblich, 2012; Kühn et al., 2011; Longo et al., 2012; 
Sebanz et al., 2006; Streltsova & McCleery, 2014) can be 
reconciled with P3 findings in novelty and oddball tasks 
(Escera et al., 2003; Friedman et al., 2001; Graux et al., 
2013; Volpe et al., 2007). In addition, in chapter 1, we 
have related the congruency effect within the P3 
component to resolving the high-level conflict related to 
self and other within the imitation inhibition task. Some 
other social cognitive studies focusing on congruency 
processes in the P3 have however argued that the P3 
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might reflect signaling conflict rather than resolving it 
(Longo et al., 2012; Papeo, Longo, Feurra, & Haggard, 
2010). For the time being, we cannot disentangle these 
two interpretations for the P3 effects in our studies.  
 
Five directions for future research 
 
In the current Ph.D. thesis, we developed a novel 
empirical paradigm that investigates how the brain 
processes action-based touch of observed others, and 
relates this to own felt touch. We showed that the 
neurotypical brain signals observed action-based touch of 
others that does not match own felt touch (as expressed in 
smaller P3 ERP-components for congruent human as 
compared to incongruent human trials) and advocated 
that a neuronal mechanism centered on touch processing 
might be crucial for the representation of the self as 
similar to or distinct from others (Deschrijver, Wiersema 
& Brass, 2015). In a follow-up study, we found that the P3 
effect diminished in an ASD group, while reliably 
correlating with both social and sensory symptomatology 
scales. We argued that compromised self-other distinction 
abilities centered on touch processing might denote a 
crucial novel theoretical link between the sensory and the 
social symptomatology of the autism spectrum 
(Deschrijver, Wiersema & Brass, submitted). These 
findings led to new insights, but also to new challenges. 
The hypothesis that altered sensory processing may 
GENERAL DISCUSSION 
 
  237
underlie social symptomatology in ASD via the concept of 
self-other distinction centered on tactile processes is 
pioneering. As such, it demands firmer theoretical and 
empirical grounds. In light of these challenges, one could 
elaborate this line of research in (at least) five distinct 
ways.  
First, developing the preliminary theoretical 
framework about the relationship between sensory 
difficulties in ASD and self-other distinction (presented in 
this general discussion) will be vital to ascertain the link 
between sensory and social difficulties in the autism 
spectum (e.g. in terms of its computational 
characteristics). Moreover, while we provided 
preliminary correlational findings suggesting a 
relationship between self-other distinction centered on 
action-based touch and contradicting findings in the field 
of self-other distinction centered on motor processes in 
ASD (Bird, Leighton, Press, & Heyes, 2007; Cook & Bird, 
2012; Cook, Swapp, Pan, Bianchi-Berthouze, & Blakemore, 
2014; Gowen, Stanley, & Miall, 2008; Spengler, Bird, & 
Brass, 2010), the theoretical framework would benefit 
from more direct empirical evidence. Lastly, earlier 
research has exposed that self-other distinction centered 
on motor processes shows strong ties with mentalizing 
and perspective taking abilities (Brass et al., 2009; 
Santiesteban et al., 2012; Spengler et al., 2010, 2009). For 
now however, only one study apart from ours has 
suggested that self-other distinction centered on touch 
GENERAL DISCUSSION 
  238
might show a relationship with actual social cognition 
(Paladino et al., 2010), and no study exists on the 
relationship with mentalizing skills. One could expect that 
self-other distinction centered on action-based touch (as 
reflected in the P3-index of the action-based 
somatosensory congruency paradigm; Deschrijver et al., 
2015) would show a relationship with the behavioral 
performance and brain activity of individuals with ASD 
during Theory of Mind and visual perspective taking tasks 
(Santiesteban et al., 2012; Saxe & Kanwisher, 2003; Saxe 
& Wexler, 2005; Spengler et al., 2010). Only if these 
hypotheses hold true, the proposed theoretical 
framework would be able to claim a strong relationship 
between self-other distinction centered on action-based 
touch and social skills in ASD. 
Second, with respect to potential clinical 
interventions for ASD, determining to which extent self-
other distinction centered on action-based touch can be 
trained or ameliorated will be crucial, next to assessing 
whether such improvements have broader beneficial 
consequences for social cognition. In an earlier study 
(Santiesteban et al., 2012), it was shown that training self-
other distinction abilities centered on the motor level can 
have desirable effects for social cognitive skills. In this 
study, (neurotypical) individuals were taught to 
successfully inhibit imitation in the imitation inhibition 
paradigm (presumably leading to better self-other 
distinction centered on motor processes; Brass, 
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Bekkering, & Prinz, 2001; Brass et al., 2000). Twenty-four 
hours later, this group showed improved performance in 
a visual perspective-taking test (though not in a 
mentalizing test, presumably due to ceiling effects in this 
healthy population; Santiesteban et al., 2012). Likewise, 
one might want to assess whether training self-other 
distinction centered on action-based touch will have 
beneficial consequences on social cognitive skills of ASD 
(and other) populations, as reflected in for instance 
Theory of Mind and/or visual perspective taking tasks 
(Santiesteban et al., 2012; Saxe & Kanwisher, 2003; Saxe 
& Wexler, 2005; Spengler et al., 2010). 
Third, on a different train of thought, on could 
pinpoint the role of the neuropeptide oxytocin in high-
level self-other distinction centered on action-based 
touch. Oxytocin is typically released in response to low-
intensity touches of the skin (Uvnäs-Moberg, Handlin, & 
Petersson, 2014) and the oxytocin receptor gene has been 
associated with ASD, as shown by a meta-analysis (LoParo 
& Waldman, 2015). Moreover, administration of oxytocin 
seems to reduce at least some of the core deficits 
associated with ASD (Bakermans-Kranenburg & van 
IJzendoorn, 2013; Hofmann, Fang, & Brager, 2015; 
Hollander et al., 2003). Previous research has 
demonstrated an influence of intranasal oxytocin on self-
other distinction centered on motor processes, as 
reflected in an increased motor interference effect of 
neurotypical individuals within the imitation inhibition 
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task (De Coster, Mueller, Sjoen, Saedeleer, & Brass, 2014). 
In the social Simon task, intranasal oxytocin has led to 
increased self-other integration, as reflected in the P3-
component (Ruissen & de Bruijn, 2015). Therefore, it is 
not unreasonable to expect an effect of intranasal oxytocin 
administration on self-other distinction centered on 
action-based touch, which might be capturable within the 
P3 effect of the action-based somatosensory congruency 
paradigm in both healthy and clinical populations 
(Deschrijver et al., 2015). 
Fourth, another promising avenue for future 
research might exist in testing to which extent a matching 
state of action-based touch and own felt touch may 
underlie empathy. In recent theoretical work, Viding and 
Bird have argued that switching from self to other in the 
motor domain may be crucial to engage in empathy (Bird 
& Viding, 2014). They and other authors have shown that 
self-other control on the motor level can modulate levels 
of empathy for pain (De Coster, Verschuere, Goubert, 
Tsakiris, & Brass, 2013). More specifically, it was shown 
that observing a hand movement that is compatible to 
one’s own action (intention) leads to higher levels of 
vicarious pain in the observer when subsequently 
observing pain applied to the hand. These processes seem 
altered in individuals with ASD (De Coster, Wiersema, 
Deschrijver, & Brass, submitted). Likewise, self-other 
distinction processes centered on felt touch and action-
based touch observation may modulate empathy for pain 
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processes. Here, we suggest to combine a series of action-
based touch observations with congruent or incongruent 
felt touch, after which the participant would observe pain 
applied to the hand. The expectation is that vicarious 
responses to this pain in healthy adults (as measured with 
questionnaires, the startle reflex, skin conductance 
and/or fMRI; (De Coster, Andres, & Brass, 2014; De Coster 
et al., 2013; submitted) would be stronger when the felt 
touch had been congruent to the observed action-based 
touch, as compared to when it had not. In a follow-up 
experiment, we suggest to perform the same experiment 
in a group with ASD and a matched control group to 
investigate whether lacking self-other distinction 
centered on action-based touch processes (Deschrijver et 
al., 2015) would lead to even stronger responses to pain 
for the ASD group in congruent as compared to 
incongruent trials (at least in early parts of the 
experiment; De Coster et al., submitted).   
Fifth, identifying neuromodulators of self-other 
distinction centered on (action-based) touch and on 
motor processes will be advantageous to the field. Indeed, 
this would help us to judge whether the two types of self-
other distinction share identical neurological 
mechanisms, as suggested in an earlier paragraph. 
Stimulation of the TPJ or the MPFC area in the human 
brain with transcranial magnetic stimulation (TMS) might 
reduce the P3 component effect in the action-based 
somatosensory congruency paradigm (Deschrijver et al., 
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2015) and the imitation inhibition task (Brass et al., 2000, 
2005), if this component genuinely reflects self-other 
distinction mechanisms. Moreover, such an experiment 
could yield evidence for the assumption that (one of) 
these brain areas act as a neural source of the P3 
component (chapter 1 and 2). For now, it is unclear 
whether the two tasks show any relation at all. This leaves 
the question of which type of self-other distinction would 
be affected the most by the TMS completely unanswered.  
 
Conclusions and clinical implications 
 
In the current Ph.D. dissertation, we showed that 
individuals with ASD may experience difficulties in 
distinguishing between themselves and other based on 
tactile consequences of observed actions and own felt 
touch, as reflected in a diminished P3 ERP-effect within 
the novel action-based somatosensory congruency 
paradigm (Deschrijver et al., 2015). While this effect 
showed negative correlations with both social and 
sensory difficulties experienced by the HFA group in 
everyday life, these results provide to our best knowledge 
the first demonstration of a functional relationship with 
both social and sensory idiosyncrasies related to the 
autism spectrum. Moreover, we provided preliminary 
evidence that self-other distinction centered on action-
based touch may explain mixed findings in the motor 
imitation domain, while we sketched how impaired self-
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other distinction centered on action-based touch may 
exist within a broader perspective on sensory 
impairments in ASD.  
To improve the lives of those affected with ASD, 
our findings hint towards the importance of clinical 
treatments that address sensory difficulties within the 
autism spectrum, in particular those focusing on the sense 
of touch. Of course, one always has to be careful with 
drawing too strong conclusions for therapeutic 
interventions on the basis of fundamental research 
studies, like the ones presented here. At this moment 
however, most clinical interventions for ASD have a 
social-cognitive or (cognitive-) behavioral background 
(Bellini, Peters, Benner, & Hopf, 2007; Eldevik, Hastings, 
Jahr, & Hughes, 2012; Fletcher-Watson, McConnell, 
Manola, & McConachie, 2014; Kuppens & Onghena, 2012; 
Magiati, Tay, & Howlin, 2012; Reichow, Barton, Boyd, & 
Hume, 2012; Reichow, Steiner, & Volkmar, 2012; Reichow 
& Wolery, 2009; Reichow, 2012; Tachibana, Green, 
Hwang, & Emsley, 2012; Virués-Ortega, 2010; P. Wang & 
Spillane, 2009; Wang, Parrila, & Cui, 2013; Wang, Cui, & 
Parrila, 2011), possibly because of the historical focus of 
ASD research on high-level social-cognitive deficiencies 
(see introduction). Beneficial research-based ASD 
interventions with a focus on sensory issues are scarce 
(Leong, Carter, & Stephenson, 2015a, 2015b) and some 
are currently in their infancy (Silva & Schalock, 2013; 
Whipple, 2004). Pharmacological treatments have shown 
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minimal success in treating core deficits associated with 
ASD, let alone sensory ones (West, Waldrop, & Brunssen, 
2009; but see research on oxytocin: Bakermans-
Kranenburg & van IJzendoorn, 2013; Hofmann et al., 
2015; Hollander et al., 2003). Given the ubiquitous 
presence of sensory difficulties in ASD (Lane, Young, 
Baker, & Angley, 2010; Lane, Reynolds, & Dumenci, 2010) 
and the specific relationship between tactile sensitivities 
and social cognition in the spectrum (see chapter 4 and 
Hilton et al., 2010; Lundqvist, 2015), developing more 
research-based and effective clinical interventions 
focusing on the (somato)sensory difficulties in ASD seems 
needed. Overall, the current findings suggest that 
difficulties within the sense of touch may lie at the heart 
of autism spectrum symptomatology. 
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Autismespectrumstoornis (ASS) is een uiterst 
erfelijke en ernstige vorm van ontwikkelingsstoornissen, 
die allicht veroorzaakt worden door afwijkingen in de 
hersenen (Minshew & Keller, 2010). Ze wordt gekenmerkt 
door aanhoudende moeilijkheden in de sociale 
communicatie en in de sociale interactie (DSM-5; 
American Psychiatric Association, (APA) 2013). Dit wordt 
vaak weerspiegeld in een verminderd vermogen om 
anderen te begrijpen (bv. Baron-Cohen, Leslie, & Frith, 
1985) en in een egocentrische focus binnen de sociale 
wederkerigheid (American Psychiatric Association, 2013). 
Bovendien vertonen mensen met een ASS beperkte en 
repetitieve gedragspatronen, interesses of activiteiten, 
zoals bijvoorbeeld een voorkeur voor herhaling, 
stereotiepe repetitieve bewegingen en hyper- of 
hyporeacties op zintuiglijke ervaringen (American 
Psychiatric Association, 2013). Functionele theorieën over 
ASS focussen ofwel op ‘high-level’ sociale moeilijkheden 
(Baron-Cohen et al., 1985; Iacoboni & Dapretto, 2006; 
Williams, Whiten, & Singh, 2004) ofwel op ‘low-level’ niet-
sociale moeilijkheden zoals perceptuele dysfuncties 
(Iarocci & McDonald, 2006; Russo et al., 2010). Sociale 
theorieën over ASS schuiven voornamelijk problemen met 
Theory of Mind naar voren (Baron-Cohen et al., 1985). 
Niet-sociale theorieën focussen bijvoorbeeld op 
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moeilijkheden om informatie die uit verschillende 
zintuigen komt te combineren (Brandwein et al., 2013; 
Iarocci & McDonald, 2006), een lokaal- (in tegenstelling 
tot globaal-) georiënteerde visuele verwerkingsstijl (Weak 
Central Coherence Theory; Frith & Happé; Happé & Frith, 
2006), of toegenomen perceptueel functioneren 
(Enhanced Perceptual Processing Theory; Mottron, Burack, 
Dawson, Soulières, & Hubert, 2001; Mottron, Dawson, 
Soulières, Hubert, & Burack, 2006; zie ook Markram, 
Rinaldi, & Markram, 2007; Markram & Markram, 2010). 
Nieuwe theoretische perspectieven over sensorische 
predictie bij ASS nemen aan dat individuen met een ASS 
mogelijks een sterkere sensitiviteit ervaren voor de 
variabiliteit of onzekerheid die natuurlijk inherent is aan 
zintuiglijke informatie (bv. Lawson et al., 2014; Pellicano 
& Burr, 2012; van Boxtel & Lu, 2013; Van De Cruys et al., 
2014). 
Het belang van imitatievaardigheden binnen een 
ASS wordt fel bediscussieerd binnen de sociaal-
wetenschappelijke literatuur rond autisme (voor een 
bespreking, zie Hamilton, 2013). Of motorische imitatie 
verstoord is bij mensen met een ASS blijft echter een 
controversieel onderwerp (Hamilton, 2013; Southgate & 
Hamilton, 2008): een ASS wordt zowel gerelateerd aan 
moeilijkheden om anderen te imiteren als aan (te) sterke 
imitatieneigingen (bv. echopraxie en echolalie, Lord et al., 
2000; Spengler et al., 2010). Zulke vormen van 
‘hyperimitatie’ werden bovendien empirisch 
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teruggevonden in studies die zogenaamde automatische 
imitatietaken gebruikten, zoals de imitatie-inhibitietaak 
(Brass, Bekkering, Wohlschläger, & Prinz, 2000). In deze 
taak wordt aan deelnemers de instructie gegeven om een 
vingerbeweging uit te voeren in reactie op een symbolisch 
signaal, terwijl ze een hand observeren op een 
computerscherm die ofwel niets doet, ofwel een 
vingerbeweging maakt die al dan niet overeenstemt met 
de eigen vingerbeweging. Doorgaans reageren mensen 
trager en maken ze meer fouten wanneer ze een beweging 
observeren die niet overeenstemt met de eigen beoogde 
beweging (incongruente trial), terwijl ze sneller zijn 
wanneer de geobserveerde beweging wel overeenstemt 
met de beoogde beweging (congruente trial). Men 
verwijst naar dit gedragsmatige congruentie-effect met de 
term ‘actie-interferentie-effect’. Interessant genoeg 
rapporteerden studies die dit effect binnen een ASS 
bestudeerden versterkte automatische imitatie (een 
vergroot actie-interferentie-effect t.o.v. 
controleproefpersonen) binnen het gedrag van mensen 
met een ASS (Bird, Leighton, Press, & Heyes, 2007; 
Martineau, Andersson, Barthélémy, Cottier, & Destrieux, 
2010; Sowden, Koehne, Catmur, Dziobek, & Bird, 2015; 
Spengler et al., 2010). 
Er wordt bijgevolg door sommige onderzoekers 
verondersteld dat mensen met een ASS mogelijkerwijze 
de vaardigheid missen om onderscheid te maken tussen 
zichzelf en anderen (verder: zelf-anderonderscheid) op 
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basis van motorische processen die plaatsvinden op high-
level sociaal-cognitieve verwerkingsniveaus in het brein 
(Brass, Derrfuss, & Von Cramon, 2005; Brass, Ruby, & 
Spengler, 2009; Santiesteban et al., 2012; Spengler et al., 
2010). Dit zou dan kunnen leiden tot deze versterkte 
imitatie. Intacte zelf-anderonderscheid op basis van 
actieprocessen wordt verondersteld noodzakelijk te zijn 
om een extern uitgelokte actierepresentatie (van een 
geobserveerd persoon) te onderscheiden van een eigen 
geplande actierepresentatie. Het vergrote actie-
interferentie-effect in ASS wordt door deze theorie dan 
ook gezien als een weerspiegeling van een verminderde 
controle op deze high-level neurale verwerkingsniveaus 
over andermans gesimuleerde en eigen motorische 
representaties (Brass et al., 2005; Hamilton, 2013; 
Southgate & Hamilton, 2008; Spengler et al., 2010; 
Spengler, Von Cramon, & Brass, 2009). Echter niet alle 
gedragsmatige studies die deze vorm van zelf-
anderonderscheid hebben onderzocht vonden evidentie 
voor hyperimitatie bij mensen met een ASS, wat intacte 
mechanismen van zelf-anderonderscheid suggereert bij 
ten minste een deel van deze mensen (Gowen, Stanley, & 
Miall, 2008; Grecucci et al., 2013; Press, Richardson, & 
Bird, 2010; Sowden et al., 2015). Bovendien werd tot 
dusver nooit empirisch aangetoond dat hersengebieden 
geassocieerd met sociaal-cognitieve verwerking effectief 
een verminderde activiteit vertonen bij mensen met een 
ASS tijdens het uitvoeren van de imitatie-inhibitietaak. 
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Bovendien kunnen in principe minstens twee 
andere neurale processen bijdragen aan het tot stand 
komen van het actie-interferentie-effect binnen de 
imitatie-inhibitietaak, buiten mechanismen gerelateerd 
aan zelf-anderonderscheid. Ten eerste is het denkbaar dat 
de motorische voorbereiding van een eigen geplande actie 
de visuele verwerking van een waargenomen actie 
beïnvloedt (Brass & Heyes, 2005; Greenwald, 1970; 
Hommel, Müsseler, Aschersleben, & Prinz, 2001; Kühn, 
Keizer, Rombouts, & Hommel, 2011b; voor een 
bespreking, zie Shin, Proctor, & Capaldi, 2010). Hier is de 
basisgedachte dat een motorische voorbereiding van een 
actie de anticipatie van een actie-effect omvat, die de 
visuele verwerking van een overeenstemmende 
geobserveerde handbeweging zou kunnen 
vergemakkelijken (ten opzichte van een niet 
overeenstemmende handbeweging). Ten tweede zou de 
geobserveerde actie eigen actievoorbereidingsprocessen 
kunnen beïnvloeden, zoals gesuggereerd in vele 
gedragsmatige studies (Brass, Bekkering, & Prinz, 2001; 
Brass et al., 2000; Stürmer, Aschersleben, & Prinz, 2000). 
Met andere woorden, een beweging bekijken zou een 
corresponderende actierepresentatie in het brein van de 
observator kunnen activeren die ofwel de motorische 
voorbereiding van diens handeling kan vergemakkelijken 
(wanneer de twee handelingen compatibel zijn met 
elkaar), ofwel de motorische voorbereiding kan verstoren 
(wanneer de twee handelingen incompatibel zijn). 
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Kortom, naast sociaal-cognitieve processen op hogere 
verwerkingsniveaus zou de imitatie-inhibitietaak ook een 
effect van actie op perceptie kunnen hebben, en een effect 
van perceptie op actie. Als eerste doel van dit proefschrift 
wilden we deze twee potentiële low-level processen in het 
menselijke brein onderscheiden van high-level 
mechanismen gerelateerd aan zelf-anderonderscheid. 
Bijkomend redeneerden we dat het onderscheiden van 
potentiële low-level visuele processen, low-level 
actievoorbereidingsprocessen en high-level mechanismen 
gerelateerd aan zelf-anderonderscheid in het brein van 
mensen met een ASS inzichten zou kunnen bieden in hun 
sociale gedrag. Daarom planden we een tweede studie 
met mensen met hoog-functionerend autisme (HFA) en 
gematchte controlepersonen. Om dit alles te onderzoeken 
gebruikten we de gevestigde imitatie-inhibitietaak (Brass 
et al., 2000) en een neurowetenschappelijk 
beeldvormende techniek genaamd electro-
encephalografie (EEG). EEG toont een specifiek voordeel 
over andere neurologisch beeldvormende technieken, 
zoals bijvoorbeeld functional magnetic resonance imaging 
(fMRI), omwille van de voortreffelijke temporele resolutie 
van event-related potentials (ERP’s).  
Naast sociale eigenaardigheden, vertonen mensen 
met een een ASS ook zintuiglijke moeilijkheden in 
dagelijkse situaties. Gevoelens van sensorische 
overbelasting en andere overgevoeligheden worden 
bijvoorbeeld vaak gerapporteerd (voor 
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overzichtsartikelen zie Donohue, Darling, & Mitroff, 2012; 
Iarocci & McDonald, 2006; Marco, Hinkley, Hill, & 
Nagarajan, 2011), en zintuiglijke problemen werden 
recent formeel opgenomen binnen de diagnostische 
criteria van ASS (American Psychiatric Association, 2013). 
Een toenemend aantal onderzoekers beschouwt een 
aangetaste zintuiglijke verwerking omwille van deze 
redenen een essentieel aspect van ASS. Deze 
wetenschappers proberen zintuiglijke problemen daarom 
ook conceptueel te relateren aan sociale moeilijkheden 
binnen het autismespectrum (zie bijvoorbeeld Pellicano & 
Burr, 2012; van Boxtel & Lu, 2013; Van De Cruys et al., 
2014). Van alle zintuigen is een verstoorde verwerking 
van de tastzin evenwel de sterkste voorspeller voor de 
ernst van de ervaren sociale problemen (naast smaak; 
Hilton et al., 2010; Lundqvist, 2015). Dit is opmerkelijk 
want onderzoek toonde aan dat we onze eigen neurale 
tactiele verwerkingssystemen gebruiken om de tactiele 
ervaringen van anderen te simuleren (Gazzola & Keysers, 
2009; Keysers et al., 2004; Keysers, Kaas, & Gazzola, 
2010). Wanneer we een actie observeren simuleren we 
bovendien de tactiele gevolgen hiervan ook binnen onze 
somatosensorische cortices (verder: actiegerelateerde 
tast simulatie; Gazzola & Keysers, 2009; Keysers et al., 
2010). Dit suggereert dat wanneer we interageren met 
anderen, we ‘voelen’ wat deze anderen voelen terwijl zij 
bewegen (Gazzola & Keysers, 2009; Keysers et al., 2004, 
2010). Omdat gesimuleerde tast gerepresenteerd wordt 
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binnen hersengebieden die ervoor instaan de eigen tast te 
verwerken (Gazzola & Keysers, 2009; Keysers et al., 2004) 
zou men zich kunnen afvragen of gesimuleerde tast en 
eigen tast ook onderscheiden worden in ons brein 
(verder: zelf-anderonderscheid op basis van 
actiegerelateerde tast). Een onvermogen om gesimuleerde 
tastrepresentaties te onderscheiden van eigen 
tastrepresentaties, zo redeneerden we, zou anderzijds 
kunnen resulteren in ernstige moeilijkheden om zowel 
zichzelf als anderen te representeren (Lombardo & 
Baron-Cohen, 2010, 2011).  
Terwijl zelf-anderonderscheid op basis van 
actieprocessen al uitvoerig is onderzocht (voor een 
uitgebreid overzicht, zie Heyes, 2011), werd zelf-
anderonderscheid op basis van actiegerelateerde tast 
nooit eerder geconceptualiseerd noch empirisch 
onderzocht. Daarom ontwikkelden en valideerden we een 
nieuw paradigma, dat we het action-based somatosensory 
congruency paradigm noemden. Gelijkaardig aan de 
methodologie gebruikt in de imitatie-inhibitietaak 
combineerden we het zien van actiegerelateerde tast met 
effectieve tactiele sensaties aan de wijs- en middelvinger 
van deelnemers. We boden een korte fotoreeks aan 
waarin een wijs-of middelvinger getoond werd die een 
oppervlak aanraakte, terwijl de wijs- of middelvinger van 
de corresponderende hand van de proefpersoon 
synchroon hiermee een tactiele stimulatie aangeboden 
kreeg. De stimulatie aan de vinger was dus ofwel 
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compatibel met de tactiele consequentie van de 
geobserveerde vingerbeweging (bv. een neerwaartse 
beweging van de wijsvinger zien en terwijl een tactiele 
stimulatie voelen aan de top van de wijsvinger) ofwel 
incompatibel hiermee (bv. een neerwaartse beweging van 
de wijsvinger zien en terwijl een tactiele stimulatie voelen 
aan de top van de middelvinger). Als het brein 
onderscheid maakt tussen zichzelf en de geobserveerde 
andere persoon op basis van tactiele processen, zo 
redeneerden we, zou het ook onderscheid moeten maken 
tussen trials waar de tactiele consequenties van 
geobserveerde handelingen overeenkomen met de eigen 
tactiele sensatie (congruente trials), in vergelijking met 
trials waarin zij niet overeen komen (incongruente trials). 
Dit zou dus resulteren in een neuraal congruentie-effect. 
Bijkomend stelden we tot doel om binnen hetzelfde 
paradigma mogelijke sociale effecten te onderscheiden 
van niet-sociale effecten. Daarom toonden we fotoreeksen 
van zowel menselijke als houten handen. Gegeven de 
wetenschappelijke observatie dat niet-menselijke 
subjecten in een beperktere mate neurale 
simulatieprocessen uitlokken dan menselijke subjecten 
(Beck et al., 2013; Holle et al., 2011; Streltsova & 
McCleery, 2014; Tai et al., 2004; Tsai & Brass, 2007), 
verwachtten we dat neurale congruentieverschillen 
zouden afnemen wanneer de geobserveerde hand van 
hout is.  
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Opnieuw vertrouwden we op EEG om de 
processen onderliggend aan zelf-anderonderscheid op 
basis van actiegerelateerde tast te identificeren. We 
redeneerden dat geobserveerde actiegerelateerde tactiele 
representaties zouden kunnen interageren met eigen 
tactiele representaties in hersengebieden die instaan voor 
de low-level verwerking van de tastzin en op hogere 
niveaus van sociaal-cognitieve neurale verwerking. 
Modulaties van vroege sensory evoked potentials (SEP’s) 
worden doorgaans gerelateerd aan de neurale verwerking 
in somatosensorische hersengebieden (bv. Aspell et al., 
2012), terwijl latere neurale processen in het brein 
gerelateerd worden aan high-level sociaal-cognitieve 
processen zoals zelf-anderonderscheid (Knyazev, 2013; 
Spengler et al., 2009; 2010; Synofzik et al., 2008). 
Zodoende focusten we ons op deze twee 
verwerkingsniveaus. Ook hier stelden we in een eerste 
studie het doel voorop om potentiële low-level 
perceptuele processen in het brein van gezonde 
vrijwilligers te onderscheiden van high-level 
mechanismen gerelateerd aan zelf-anderonderscheid. 
Daarna gingen we in een tweede studie na of low-level 
somatosensorische processen dan wel high-level 
mechanismen gerelateerd aan zelf-anderonderscheid 
aangetast zijn in het brein van mensen met een ASS. 
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Doelen van het onderzoek 
 
In het huidige doctoraatsproefschrift trachtten we 
high-level sociaal-cognitieve processen gerelateerd aan 
zelf-anderonderscheid te onderscheiden van low-level 
(visuele, motorische en tactiele) processen in het 
menselijke brein binnen het autismespectrum. Omdat we 
in het bijzonder geïnteresseerd waren in nieuwe 
sensorische perspectieven op de symptomatologie van 
een ASS (bv. Donohue et al., 2012; Iarocci & McDonald, 
2006; Marco et al., 2011; Pellicano & Burr, 2012; van 
Boxtel & Lu, 2013; Van De Cruys et al., 2014), focusten we 
niet alleen op zelf-anderonderscheid op basis van 
actieprocessen (Brass et al., 2000, 2005; Santiesteban et 
al., 2012; Sowden et al., 2015; Spengler et al., 2010), maar 
ook op zelf-anderonderscheid op basis van de tactiele 
consequenties van actie (d.i. actiegerelateerde tast). Zelf-
anderonderscheid op basis van actiegerelateerde tast was 
nooit eerder onderzocht, dus ontwikkelden en 
valideerden we een nieuw empirisch paradigma op basis 
van geobserveerde actiegerelateerde tast en effectieve 
tactiele sensaties. We noemden deze taak de action-based 
somatosensory congruency paradigm (Deschrijver, 
Wiersema, & Brass, 2015). Zelf-anderonderscheid op 
basis van actieprocessen onderzochten we door middel 
van het welgekende imitatie-inhibitieparadigma (Brass et 
al., 2000; Spengler et al., 2010). In totaal behandelden we 
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vier onderzoeksvragen, die als volgt samengevat kunnen 
worden: 
Ten eerste, kunnen low-level visuele en 
motorische voorbereidingsprocessen binnen het imitatie-
inhibitieparadigma onderscheiden worden in het 
menselijke brein van high-level zelf-anderonderscheid op 
basis van motorische acties? 
Ten tweede, indien zo, welke van deze 
voorgenoemde potentiële processen zijn aangetast bij 
mensen met een ASS? 
Ten derde, kunnen low-level somatosensorische 
processen binnen het action-based somatosensory 
congruency paradigm onderscheiden worden in het 
menselijke brein van high-level zelf-anderonderscheid op 
basis van actiegerelateerde tast? 
Ten vierde, indien zo, welke van deze 
voorgenoemde potentiële processen zijn aangetast bij 
mensen met een ASS? 
 
Voornaamste onderzoeksresultaten 
 
In een eerste studie, beschreven in het eerste 
hoofdstuk, combineerden we de imitatie-inhibitietaak 
(Brass et al., 2000, 2005) en EEG in een groep gezonde 
proefpersonen. We stelden het doel om high-level sociaal-
cognitieve processen in het brein te onderscheiden van 
low-level visuele en motorische voorbereidingsprocessen 
in de imitatie-inhibitietaak. We redeneerden dat een 
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invloed van actie-intenties op perceptie zou kunnen 
leiden tot een congruentie-effect in visuele ERP-
componenten.  Een invloed van geobserveerde acties op 
de motorische voorbereiding van eigen acties zou 
gereflecteerd kunnen worden in ERP-componenten 
gerelateerd aan motorische voorbereidingsprocessen, die 
net voor het uitvoeren van een actie plaatsvinden. 
Mechanismen gerelateerd aan high-level zelf-
anderonderscheid, ten slotte, zouden kunnen leiden tot 
congruentie-effecten binnen late centraal-pariëtale 
verwerkingsniveaus in de EEG. Zodoende focusten we ons 
op drie functioneel verschillende ERP-componenten, die 
mogelijks als drie potentiële bronnen van het actie-
interferentie-effect zouden kunnen fungeren. Deze zijn 
met name de visuele N190 voor de invloed van actie op 
perceptie (Arzy, Thut, Mohr, Michel, & Blanke, 2006; 
Myers & Sowden, 2008; Thierry et al., 2006), de 
motorische-voorbereidingsgerelateerde readiness 
potential (RP) voor de invloed van perceptie op actie 
(Leuthold & Schröter, 2011; Rigoni, Brass, Roger, Vidal, & 
Sartori, 2013), en de P3-component, die betrokken werd 
bij Zelfgerelateerde processen in sociaal-cognitieve 
paradigmata (Graux et al., 2013; Holeckova, Fischer, 
Giard, Delpuech, & Morlet, 2006; Knyazev, 2013; Kühn, 
Nenchev, et al., 2011; Perrin et al., 2005; Sebanz, Knoblich, 
Prinz, & Wascher, 2006), in congruentie-verwerking 
processing (e.g. Longo et al., 2012; Zhou et al., 2004), en in 
high-level multisensororische verwerkingsprocessen 
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(Kühn et al., 2011; Longo et al., 2012; Macaluso, 2006; 
Yamaguchi & Knight, 1991). Opmerkelijk genoeg 
detecteerden we congruentie-effecten in al deze ERP-
componenten, wat suggereert dat alle hierboven 
beschreven processen een rol spelen binnen de imitatie-
inhibitietaak. Voor zover we weten is dit de eerste 
evidentie die toont dat er verschillende neurale bronnen 
mogelijks bijdragen tot het actie-interferentie-effect 
binnen de imitatie-inhibitietaak. 
In de tweede studie, beschreven in het tweede 
hoofdstuk, stelden we het doel om de drie eerder 
beschreven neurale processen door middel van EEG te 
onderscheiden in het brein van een groep van 
volwassenen met HFA en een gematchte controlegroep. 
Hoewel er veel speculatie bestaat over mogelijke 
verstoringen binnen de inhibitie van imitatiegedrag bij 
mensen met een ASS (Brass et al., 2009; Hamilton, 2013; 
Southgate & Hamilton, 2008; Sowden et al., 2015; 
Spengler et al., 2010, 2009), is dit de eerste studie die het 
imitatie-inhibitieparadigma effectief testte in een groep 
met een ASS door middel van een neurologisch 
beeldvormende techniek. We gebruikten EEG om low-
level perceptuele en motorische processen in het brein te 
scheiden van high-level sociale mechanismen en focusten 
opnieuw op de N190, de RP, en de P3-component. Op 
gedragsniveau toonde de HFA-groep tekenen van een 
toegenomen actie-interferentie-effect binnen de 
reactietijden, hoewel dit effect niet volledig significant 
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werd in de groep geselecteerd op basis van de scores in 
het Autism Diagnostic Observation Schedule-interview 
(ADOS). Op het neurofysiologische niveau vonden we een 
gelijkaardig congruentie-effect in de P3 bij mensen met 
HFA en de controlegroep, wat verrassend genoeg geen 
deficiet aanduidt voor mensen met een ASS binnen de 
ERP-component die wij met high-level mechanismen van 
zelf-anderonderscheid associeerden. We detecteerden 
opmerkelijk genoeg wel dat de HFA-groep verschilde van 
de controlegroep binnen de amplitudes van de RP. Deze 
resultaten suggereren dat verschillen binnen 
automatische imitatietaken in populaties met een ASS zich 
mogelijks op het niveau van de voorbereiding van acties 
situeren, eerder dan op high-level sociaal-cognitieve 
niveaus. 
In de derde studie, beschreven in het derde 
hoofdstuk, ontwikkelden we een paradigma om de 
interactie van eigen tast en geobserveerde 
actiegerelateerde tast te onderzoeken (het action-based 
somatosensory congruency paradigm) en testten we dit in 
een groep gezonde vrijwilligers (Deschrijver et al., 2015). 
We stelden het doel om high-level mechanismen van zelf-
anderonderscheid op basis van actiegerelateerde tast in 
het menselijke brein te onderscheiden van potentiële low-
level cognitieve processen. Opnieuw vertrouwden we op 
EEG om na te gaan op welke verwerkingsniveaus 
geobserveerde actie-gerelateerde tast interageert met 
eigen tast (d.i. een congruentie-effect enkel voor 
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menselijke handen), wat een weerspiegeling zou kunnen 
zijn van zelf-anderonderscheid op basis van de tastzin. In 
dit paradigma worden fotoreeksen van menselijke en 
houten handen getoond die een tappende beweging 
maken met de wijs-of middelvinger, terwijl synchroon 
hiermee een tactiele stimulatie wordt toegediend aan de 
hiermee al dan niet overeenstemmende vinger van de 
deelnemer. Met behulp van EEG observeerden we effecten 
zowel in vroege low-level niveaus van somatosensorische 
verwerking (binnen de SEP’s P50, N100 and N140, zie ook 
Longo, Musil, & Haggard, 2012; Popovich & Staines, 2015; 
Streltsova & McCleery, 2014) en op high-level niveaus van 
sociaal-cognitieve verwerking (in de P3-component, bv. 
Verleger, Jaśkowski, & Wascher, 2005). Deze bevindingen 
onthulden dat deelnemers een tactiele stimulatie 
verschillend verwerken wanneer de sensatie al dan niet 
overeenstemt met een geobserveerde menselijke hand die 
een tappende beweging maakt. Zoals voorspeld 
observeerden we een congruentie-effect binnen de P3-
component voor menselijke handen, maar niet voor 
houten handen. Dit suggereert dat het menselijke brein op 
high-level niveaus van cognitieve verwerking signaleert 
wanneer geobserveerde actiegerelateerde tast niet 
overeenstemt met eigen tast. Eerder onderzoek 
associeerde de P3-component met zelfgerelateerde 
verwerking (Holeckova, Fischer, Giard, Delpuech, & 
Morlet, 2006; Knyazev, 2013; Perrin et al., 2005). 
Zodoende kon de studie mogelijkerwijze de eerste 
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aanwijzingen leveren voor het bestaan van high-level zelf-
anderonderscheid op basis van actiegerelateerde tast in 
het menselijke brein. 
In de vierde studie, beschreven in het vierde 
hoofdstuk, redeneerden we dat mechanismen van zelf-
anderonderscheid op basis van actiegerelateerde tast 
mogelijks aangetast zijn bij mensen met een ASS. Zoals 
eerder beschreven is een verstoorde verwerking van de 
tastzin over alle zintuigen de sterkste voorspeller voor de 
ernst van sociale symptomen (naast smaak: Hilton et al., 
2010; Lundqvist, 2015). In dit hoofdstuk wilden we 
daarom door middel van EEG onderzoeken of low-level en 
high-level neurale processen in het action-based 
somatosensory congruency paradigm verstoord zijn in een 
groep van volwassenen met HFA, terwijl we hun EEG-data 
vergeleken met een gematchte controlegroep met 
gezonde proefpersonen. In overeenstemming met het 
derde hoofdstuk richtten we ons op de P50, N100, N140 
SEP’s als indices voor somatosensorische neurale 
processen en op de P3 als een index voor high-level 
sociaal-cognitieve processes zoals zelf-anderonderscheid. 
De HFA-groep vertoonde een gewijzigde neurale 
verwerking vroeg binnen de aandachtsgerelateerde 
somatosensorische verwerking (weerspiegeld in de 
N100) en op een laat niveau van eerder high-level 
verwerking (weerspiegeld in de P3). Zoals voorspeld, en 
van cruciaal belang, observeerden we dat het 
congruentie-effect in de controlegroep, dat enkel bestond 
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voor geobserveerde menselijke handen, afnam in de 
groep met HFA. Bovendien vertoonde dit effect een 
negatief verband met zowel sociale als zintuiglijke 
moeilijkheden ervaren door de individuen met HFA 
binnen het dagelijkse leven. Deze resultaten leveren de 
eerste aanwijzingen voor een atypische wisselwerking 
tussen actiegerelateerde tastsimulatie en de eigen 
ervaring van tast binnen een ASS. Voorts leverden ze ook 
de eerste evidentie voor het bestaan van een functionele 
relatie tussen sociale en zintuiglijke eigenaardigheden 
binnen het autismespectrum.   
Samengevat suggeren de huidige resultaten dat 
high-level zelf-anderonderscheid, zoals weerspiegeld in 
congruentie-effecten binnen de P3-component, wellicht 
verstoord is bij mensen met een ASS wanneer die 
gebaseerd is op actiegerelateerde tast, maar niet wanneer 
die gebaseerd is op motorische processen. Voorts toonden 
individuen met HFA aandachtsgerelateerde moeilijkheden 
binnen low-level somatosensorische ERP-componenten in 
het action-based somatosensory congruency paradigm 
(Deschrijver et al., 2015), en problemen tijdens 
motorische voorbereidingsprocessen in het imitatie-
inhibitieparadigma (Brass et al., 2000, 2005). 
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Implicaties van de onderzoeksresultaten 
 
In de huidige doctoraatsverhandeling toonden we 
aan dat mensen met een ASS mogelijks moeilijkheden 
ervaren om onderscheid te maken tussen zichzelf en 
anderen op basis van tactiele consequenties van 
geobserveerde acties en eigen tast, zoals gereflecteerd in 
een verkleind P3-effect binnen het recent ontwikkelde 
action-based somatosensory congruency paradigm 
(Deschrijver et al., 2015). Gezien dit effect negatieve 
correlaties vertoonde met zowel sociale als zintuiglijke 
moeilijkheden eigen aan het autismespectum, leveren 
deze resultaten naar onze beste kennis de eerste evidentie 
voor een functionele relatie tussen sociale en zintuiglijke 
eigenaardigheden gerelateerd aan ASS. Het huidige 
proefschrift biedt inzicht in hoe een algemeen gewijzigd 
zintuiglijk functioneren binnen een ASS mogelijks ook 
sociale moeilijkheden kan verklaren. In de algemene 
discussie van dit proefschrift schetsten we hoe verstoord 
zelf-anderonderscheid op basis van actiegerelateerde tast 
kan bestaan binnen een ruimer perspectief op zintuiglijke 
moeilijkheden in een ASS en toonden we hoe dit 
mogelijkerwijze gemengde bevindingen in het motorische 
onderzoeksdomein naar ASS kan verklaren.  
Om het leven te verbeteren van mensen getroffen 
door ASS wijzen de resultaten naar klinische 
behandelingen die zich richten op sensorische 
moeilijkheden binnen het autismespectrum, in het 
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bijzonder deze die zich focussen op de tastzin. Uiteraard 
dient men er evenwel op toe te zien geen te sterke 
conclusies te trekken omtrent therapeutische klinische 
interventies louter op basis van fundamentele 
onderzoeksstudies, zoals diegene die hier voorgesteld 
werden. Op dit moment hebben de meeste klinische 
interventies voor ASS echter een sociaal-cognitieve of 
(cognitief-)gedragsmatige achtergrond (Bellini, Peters, 
Benner, & Hopf, 2007; Eldevik, Hastings, Jahr, & Hughes, 
2012; Fletcher-Watson, McConnell, Manola, & 
McConachie, 2014; Kuppens & Onghena, 2012; Magiati, 
Tay, & Howlin, 2012; Reichow, Barton, Boyd, & Hume, 
2012; Reichow, Steiner, & Volkmar, 2012; Reichow & 
Wolery, 2009; Reichow, 2012; Tachibana, Green, Hwang, 
& Emsley, 2012; Virués-Ortega, 2010; Wang & Spillane, 
2009; Wang, Parrila, & Cui, 2013; Wang, Cui, & Parrila, 
2011). Heilzame onderzoeksgebaseerde interventies met 
een focus op zintuiglijke kwesties in ASS zijn schaars 
(Leong, Carter, & Stephenson, 2015a, 2015b). Gezien de 
alomtegenwoordigheid van zintuiglijke moeilijkheden in 
ASS (Lane, Young, Baker, & Angley, 2010; Lane, Reynolds, 
& Dumenci, 2010) en de specifieke relatie tussen tactiele 
gevoeligheden en sociale cognitie in het spectrum (zie 
hoofdstuk 4 en Hilton et al., 2010; Lundqvist, 2015), lijkt 
de ontwikkeling van bijkomende onderzoeksgebaseerde 
en effectieve klinische interventies die focussen op 
(somato)sensorische moeilijkheden in ASS noodzakelijk. 
Globaal genomen suggereren de huidige bevindingen dat 
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moeilijkheden met de tastzin in het hart liggen van de 
symptomatologie van het autismespectrum. 
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APPENDIX 
 
Data storage fact sheet chapter 1 
 
% Data Storage Fact Sheet  
 
% Name/identifier study: 001_Imit 
 
% Author: Eliane Deschrijver 
 
% Date: March 15th 2016 
 
 
1. Contact details 
 
============================================
=============== 
 
1a. Main researcher 
 
----------------------------------------------------------- 
 
- name: Eliane Deschrijver 
 
- address: Bevrijdingslei 48, 2930 Brasschaat 
 
- e-mail: eliane.deschrijver@gmail.com 
 
 
1b. Responsible Staff Member (ZAP)  
 
----------------------------------------------------------- 
 
- name: Marcel Brass 
 
- address: Henri Dunantlaan 2, 9000 Gent 
 
- e-mail: marcel.brass@ugent.be 
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If a response is not received when using the above contact 
details, please send an email to data.pp@ugent.be or 
contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, 
Belgium.
 
2. Information about the datasets to which this sheet 
applies  
 
============================================
=============== 
 
* Reference of the publication in which the datasets are 
reported: 
 
Deschrijver, E., Wiersema, R., & Brass, M. (submitted). The 
influence of action observation on action execution: 
dissociating the contribution of action on perception, 
perception on action and resolving conflict. 
 
 
* Which datasets in that publication does this sheet apply 
to?: 
 
The only study described in the publication.  
 
 
3. Information about the files that have been stored 
 
============================================
=============== 
 
3a. Raw data 
 
----------------------------------------------------------- 
 
 
* Have the raw data been stored by the main researcher? [ 
x ] YES / [ ] NO 
 
If NO, please justify: / 
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* On which platform are the raw data stored? 
 
  - [ x ] researcher PC 
 
  - [ x ] research group file server 
 
  - [ x ] other (specify): external hard disk in property of 
the researcher 
 
 
* Who has direct access to the raw data (i.e. without 
intervention of another person)? 
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): … 
 
 
3b. Other files 
 
----------------------------------------------------------- 
 
 
* Which other files have been stored? 
 
  - [ ] file(s) describing the transition from raw data to 
reported results. Specify: ... 
 
  - [ x ] file(s) containing processed data. Specify: Brain 
Vision Analyzer workfiles and excelfiles with processed 
data are provided 
 
  - [ x ] file(s) containing analyses. Specify: SPSS syntax 
files are provided 
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  - [ ] files(s) containing information about informed 
consent  
 
  - [ ] a file specifying legal and ethical provisions  
 
  - [ ] file(s) that describe the content of the stored files 
and how this content should be interpreted. Specify: ...  
 
  - [ ] other files. Specify: ... 
 
 
* On which platform are these other files stored?  
 
  - [ x ] individual PC 
 
  - [ x ] research group file server 
 
  - [ x ] other: external hard disk in property of the 
researcher     
 
* Who has direct access to these other files (i.e. without 
intervention of another person)?  
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): ...     
 
 
4. Reproduction  
 
============================================
=============== 
 
* Have the results been reproduced independently?: [ ] 
YES / [ x ] NO 
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* If yes, by whom (add if multiple): 
 
   - name: / 
 
   - address: / 
 
   - affiliation: / 
 
   - e-mail: / 
    
 
Data storage fact sheet chapter 2 
 
% Data Storage Fact Sheet  
 
 
% Name/identifier study: 002_ASS_Imit 
 
% Author: Eliane Deschrijver 
 
% Date: March 15th  2016 
 
 
1. Contact details 
 
============================================
=============== 
 
1a. Main researcher 
 
----------------------------------------------------------- 
 
- name: Eliane Deschrijver 
 
- address: Bevrijdingslei 48, 2930 Brasschaat 
 
- e-mail: eliane.deschrijver@gmail.com 
 
1b. Responsible Staff Member (ZAP)  
 
----------------------------------------------------------- 
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- name: Marcel Brass 
 
- address: Henri Dunantlaan 2, 9000 Gent 
 
- e-mail: marcel.brass@ugent.be 
 
 
If a response is not received when using the above contact 
details, please send an email to data.pp@ugent.be or 
contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, 
Belgium. 
 
 
2. Information about the datasets to which this sheet 
applies  
 
============================================
=============== 
 
* Reference of the publication in which the datasets are 
reported: 
 
Deschrijver, E., Wiersema, R., & Brass, M. (submitted). 
Disentangling neural sources of the motor interference 
effect in high-functioning autism: An EEG-study. 
 
 
* Which datasets in that publication does this sheet apply 
to?: 
 
The only study described in the publication.  
 
 
3. Information about the files that have been stored 
 
============================================
=============== 
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3a. Raw data 
 
----------------------------------------------------------- 
 
 
* Have the raw data been stored by the main researcher? [ 
x ] YES / [ ] NO 
 
If NO, please justify: / 
 
* On which platform are the raw data stored? 
 
  - [ x ] researcher PC 
 
  - [ x ] research group file server 
 
  - [ x ] other (specify): external hard disk in property of 
the researcher 
 
* Who has direct access to the raw data (i.e. without 
intervention of another person)? 
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): … 
 
 
3b. Other files 
 
----------------------------------------------------------- 
 
* Which other files have been stored? 
 
  - [ ] file(s) describing the transition from raw data to 
reported results. Specify: ... 
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  - [ x ] file(s) containing processed data. Specify: Brain 
Vision Analyzer workfiles and excelfiles with processed 
data are provided 
 
  - [ x ] file(s) containing analyses. Specify: SPSS syntax 
files are provided 
 
  - [ ] files(s) containing information about informed 
consent  
 
  - [ ] a file specifying legal and ethical provisions  
 
  - [ ] file(s) that describe the content of the stored files 
and how this content should be interpreted. Specify: ...  
 
  - [ ] other files. Specify: ... 
 
 
* On which platform are these other files stored?  
 
  - [ x ] individual PC 
 
  - [ x ] research group file server 
 
  - [ x ] other: external hard disk in property of the 
researcher     
 
 
* Who has direct access to these other files (i.e. without 
intervention of another person)?  
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): ...     
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4. Reproduction  
 
============================================
=============== 
 
* Have the results been reproduced independently?: [ ] 
YES / [ x ] NO 
 
* If yes, by whom (add if multiple): 
 
   - name: / 
 
   - address: / 
 
   - affiliation: / 
 
   - e-mail: / 
 
 
Data storage fact sheet chapter 3 
 
% Data Storage Fact Sheet  
 
 
% Name/identifier study: 003_Imittact 
 
% Author: Eliane Deschrijver 
 
% Date: March 15th  2016 
 
 
1. Contact details 
 
============================================
=============== 
 
1a. Main researcher 
 
----------------------------------------------------------- 
 
- name: Eliane Deschrijver 
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- address: Bevrijdingslei 48, 2930 Brasschaat 
 
- e-mail: eliane.deschrijver@gmail.com 
 
1b. Responsible Staff Member (ZAP)  
 
----------------------------------------------------------- 
 
- name: Marcel Brass 
 
- address: Henri Dunantlaan 2, 9000 Gent 
 
- e-mail: marcel.brass@ugent.be 
 
If a response is not received when using the above contact 
details, please send an email to data.pp@ugent.be or 
contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, 
Belgium. 
 
2. Information about the datasets to which this sheet 
applies  
 
============================================
=============== 
 
* Reference of the publication in which the datasets are 
reported: 
 
Deschrijver, E., Wiersema, R., & Brass, M. (2015). The 
interaction between felt touch and tactile consequences of 
observed actions: An action-based somatosensory 
congruency paradigm. Social Cognitive and Affective 
Neuroscience 
 
 
* Which datasets in that publication does this sheet apply 
to?: 
 
The only study described in the publication.  
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3. Information about the files that have been stored 
 
============================================
=============== 
 
3a. Raw data 
 
----------------------------------------------------------- 
 
 
* Have the raw data been stored by the main researcher? [ 
x ] YES / [ ] NO 
 
If NO, please justify: / 
 
* On which platform are the raw data stored? 
 
  - [ x ] researcher PC 
 
  - [ x ] research group file server 
 
  - [ x ] other (specify): external hard disk in property of 
the researcher 
 
* Who has direct access to the raw data (i.e. without 
intervention of another person)? 
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): … 
 
 
3b. Other files 
 
----------------------------------------------------------- 
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* Which other files have been stored? 
 
  - [ ] file(s) describing the transition from raw data to 
reported results. Specify: ... 
 
  - [ x ] file(s) containing processed data. Specify: Brain 
Vision Analyzer workfiles and excelfiles with processed 
data are provided 
 
  - [ x ] file(s) containing analyses. Specify: SPSS syntax 
files are provided 
 
  - [ ] files(s) containing information about informed 
consent  
 
  - [ ] a file specifying legal and ethical provisions  
 
  - [ ] file(s) that describe the content of the stored files 
and how this content should be interpreted. Specify: ...  
 
  - [ ] other files. Specify: ... 
 
 
* On which platform are these other files stored?  
 
  - [ x ] individual PC 
 
  - [ x ] research group file server 
 
  - [ x ] other: external hard disk in property of the 
researcher     
 
* Who has direct access to these other files (i.e. without 
intervention of another person)?  
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
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  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): ...     
 
 
4. Reproduction  
 
============================================
=============== 
 
* Have the results been reproduced independently?: [ ] 
YES / [ x ] NO 
 
 
 
* If yes, by whom (add if multiple): 
 
   - name: / 
 
   - address: / 
 
   - affiliation: / 
 
   - e-mail: / 
 
 
Data storage fact sheet chapter 4 
  
% Data Storage Fact Sheet  
 
 
% Name/identifier study: 004_ASS_Imittact 
 
% Author: Eliane Deschrijver 
 
% Date: March 15th  2016 
 
 
1. Contact details 
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============================================
=============== 
 
 
 
1a. Main researcher 
 
----------------------------------------------------------- 
 
- name: Eliane Deschrijver 
 
- address: Bevrijdingslei 48, 2930 Brasschaat 
 
- e-mail: eliane.deschrijver@gmail.com 
 
 
 
1b. Responsible Staff Member (ZAP)  
 
----------------------------------------------------------- 
 
- name: Marcel Brass 
 
- address: Henri Dunantlaan 2, 9000 Gent 
 
- e-mail: marcel.brass@ugent.be 
 
 
 
If a response is not received when using the above contact 
details, please send an email to data.pp@ugent.be or 
contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, 
Belgium. 
 
 
 
2. Information about the datasets to which this sheet 
applies  
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============================================
=============== 
 
* Reference of the publication in which the datasets are 
reported: 
 
Deschrijver, E., Wiersema, R., & Brass, M. (submitted). 
Action-based somatosensory simulation in autism: Can 
compromised self-other distinction abilities link social 
and sensory problems in the autism spectrum? 
 
 
* Which datasets in that publication does this sheet apply 
to?: 
 
The only study described in the publication.  
 
 
3. Information about the files that have been stored 
 
============================================
=============== 
 
3a. Raw data 
 
----------------------------------------------------------- 
 
 
* Have the raw data been stored by the main researcher? [ 
x ] YES / [ ] NO 
 
If NO, please justify: / 
 
 
 
* On which platform are the raw data stored? 
 
  - [ x ] researcher PC 
 
  - [ x ] research group file server 
 
APPENDIX 
  314
  - [ x ] other (specify): external hard disk in property of 
the researcher 
 
 
 
* Who has direct access to the raw data (i.e. without 
intervention of another person)? 
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): … 
 
 
3b. Other files 
 
----------------------------------------------------------- 
 
 
* Which other files have been stored? 
 
  - [ ] file(s) describing the transition from raw data to 
reported results. Specify: ... 
 
  - [ x ] file(s) containing processed data. Specify: Brain 
Vision Analyzer workfiles and excelfiles with processed 
data are provided 
 
  - [ x ] file(s) containing analyses. Specify: SPSS syntax 
files are provided 
 
  - [ ] files(s) containing information about informed 
consent  
 
  - [ ] a file specifying legal and ethical provisions  
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  - [ ] file(s) that describe the content of the stored files 
and how this content should be interpreted. Specify: ...  
 
  - [ ] other files. Specify: ... 
 
 
* On which platform are these other files stored?  
 
  - [ x ] individual PC 
 
  - [ x ] research group file server 
 
  - [ x ] other: external hard disk in property of the 
researcher     
 
 
 
* Who has direct access to these other files (i.e. without 
intervention of another person)?  
 
  - [ x ] main researcher 
 
  - [ x ] responsible ZAP 
 
  - [ ] all members of the research group 
 
  - [ ] all members of UGent 
 
  - [ ] other (specify): ...     
 
 
4. Reproduction  
 
============================================
=============== 
 
* Have the results been reproduced independently?: [ ] 
YES / [ x ] NO 
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* If yes, by whom (add if multiple): 
 
   - name: / 
 
   - address: / 
 
   - affiliation: / 
 
   - e-mail: / 
 
  
   317
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
